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Introduction
In RAN4#79 meeting there were several contributions on V2V UE RF aspect. However, there is no consensus achieved on any specific requirement in Nanjing. Hence this contribution is submitted to provide further consideration especially on UE TX RF requirement for 5.9GHz Band 47, which seems the only available operating band dedicated for V2V communication. In addition, considering operator’s interest in MCC operation the contribution involves all three scenarios for,
· Case1: Band 47 SCC operation 
· Case2: Band 47 intra-band MCC operation
· Case3: Band 47 and E-UTRA inter-band operation
In addition, considering the follow-up Rel-14 V2X WI, the requirements for UE supporting PC5 are also discussed here for information. 
Consideration on UE RF front-end
In this section some initial considerations on UE RF front-end are presented with respect to UE RF reference architecture and implementation challenge as below.
Reference architecture for V2V
In RAN4#79 meeting there is initial discussion on V2V UE RF reference architecture, of which V2V chain does not share antenna with legacy WAN system. If the commercial perspective of V2X terminal is equipped on vehicle as relatively independent module, it is straightforward to assume separate antenna architecture in RAN4 discussion. However, if the anticipation is quite different, V2V UE should consider adopting other architecture. For example, it has been already indicated in previous discussion that it is achievable to support 5.9GHz operation band and legacy LTE band within one RF front-end with some trade-off of performance loss. Anyway, it may be dependent on industry perspective of V2V terminal attribute and product form. 
Implementation challenge 
In relevant discussion for UE implementation of (e) LAA the challenge on small pass bandwidth filter and PA were raised. In LAA it is assumed that a single filter is used for the entire band 46, although it does not preclude other implementation approach. We believe for B47 the similar consideration to apply uniform product to global commercial market with the target of device cost control is still beneficial and should be considered. In the context of eLAA, some vendors believe it is permute to decide the PA performance, some think there may be limitation on maximum output power, however there is still vendor point out it is possible to supply 23dBm Power class at reasonable cost. Turn back to V2V 5.9GHz operation case, PA applied for this condition would be less sensitive on size and power saving, as equipped on the vehicle, which may result in less restraint to support PC3 for V2V operation. However, the higher power class of 33dBm is the objective for subsequent Rel-14 V2X WI. It should be further assessed on the PA challenge with even higher PC5.   
Discussion on UE TX requirements
In this section the discussion regarding V2V impact on general clause of TS36.101 is skipped. And we just directly go into the discussion on specific UE TX requirements as below.
Maximum output power
General discussion
It is apparent that 5.9GHz V2V band UE is expected to support both PC5 and PC3 in Rel-14. And in Europe there is PSD restriction of 23dBm/MHz e.i.r.p regulation requirement. With the presumption of 0dBi antenna gain and 0dB feeder loss, the e.i.r.p would be equal to output power at antenna connector of terminal, i.e.23dBm/MHz at antenna port. Regarding how to capture this regulation in 3GPP, one option is implicitly reflect the limitation with resource allocation in test requirement for PC3, which is obviously pending on physical layer design. According to current evaluation assumption in RAN1, the allocated resource per UE is at least 10PRB which is larger than 1MHz. Furthermore, there is proposal in RAN1 to define the sub-channel to restrict minimum resource granularity configurable for V2V operation. If the RAN1 design would guarantee no less than 6PRB resource allocation for V2V transmission, it would be no necessity to introduced explicit requirement under sub-clause of maximum output power in RAN4 specification, considering that transmitting at 23dBm/6PRB would always fulfil this regulation PSD requirement. The only task should be executed is to inform RAN5 to adopt this resource restriction in test requirement. However, this approach may be not applicable for PC5. For PC5 it is proposed to have explicit requirement of additional power reduction for less than 56PRB allocation to guarantee corresponding PSD restriction in Europe. 
Observation: If there is proper RAN1 restriction on minimum PRB resource for V2V, the ETSI PSD regulation could be implicitly executed in Maximum output power requirement in test specification for PC3 V2V UE. 
MCC operation case for maximum output power
In the case of UE supporting Intra-band and inter band MCC operation containing V2V 5.9GHz operating band the maximum output power requirement should yield to principle agreed for legacy LTE system CA case. Furthermore, it is proposed that in Rel-14 timeframe up to 2CCs concurrent UL transmission should be considered to be supported for both inter-band and intra-band MCC V2X operation. In addition, when supporting MCC operation concurrent with legacy E-UTRA band, PC5 is not suggested to be considered in Rel-14 in view of the challenging time schedule for V2V and V2X.
Recommendation:  PC5 is not considered in Rel-14 for Case3.
Initial consideration spec draft
It is suggested to insert new sub-clause of UE maximum output power for V2X in Rel-14 spec with following template:

<Start of draft for Maximum output power>
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth for V2V single carrier operation unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).
Table 3.1 -1: UE Power Class for V2V
	V2V SCC Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	CA_47
	
	
	
	
	23
	TBD
	
	
	33
	TBD



The following UE Power Classes define the maximum output power for any transmission bandwidth within the aggregated channel bandwidth. The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).
For inter-band carrier aggregation with uplink assigned to one V2V band and one E-UTRA band, UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector. The maximum output power is specified in Table 3.1-2.
Table 3.1-2: UE Power Class for inter-band V2V operation with E-UTRA 
	Inter band V2V MCC Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	MCC_3A-47A
	
	
	
	
	23
	TBD
	
	
	
	

	MCC_8A-47A
	
	
	
	
	23
	TBD
	
	
	
	

	MCC_39A-47A
	
	
	
	
	23
	TBD
	
	
	
	

	MCC_41A-47A
	
	
	
	
	23
	TBD
	
	
	
	



For intra-band MCC V2V operation the maximum output power is specified in Table3.1-3
Table 3.1-3: UE Power Class for intra-band V2V operation
	Intra-band V2V MCC Configuration
	Number of UL components
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	MCC_47
	2
	
	
	
	
	23
	TBD
	
	
	33
	TBD



<End of draft for Maximum output power>

MPR
The D2D requirement in 6.2.3D of TS36.101 could be taken as starting point for SCC operation with PC1 considering the challenge schedule in V2V WI. 
For inter-band MCC V2V operation with LTE, the requirement of each single carrier should apply for corresponding uplink component carrier as RAN4 agreed for inter-band CA.
For V2V UE supports PC5 and/or intra-band MCC V2V operation, the power reduction should be further assessed. 
A-MPR
To meet the regulation PSD requirement in Band 47 with PC5 as discussed in sub-clause of maximum output power, the A-MPR for PC5 V2V UE should be extended to fulfil the regional PSD regulation requirement within transmission channel band other than adjacent channel and beyond for both SCC and MCC V2V operation of Band 47.
Whether such kind of A-MPR requirement should be defined for PC3 V2V UE is dependent on physical layer design as mentioned in sub-clause 3.1.
Recommendation: Introduce additional A-MPR for PC5 V2V UE to guarantee the regulation on PSD within transmission channel.
Configured transmitted power
For Pcmax the legacy formula and principle could be reused, and whether additional relaxation is needed is depending on agreement on UE RF architecture.
Output power dynamic
· For Minimum output power the legacy requirement of -40dBm per CC is applicable for Case1~3.
· For Transmit OFF power the legacy requirement of -50dBm per CC is applicable for Case1~3.
· For ON/OFF time mask, legacy requirement For D2D could be reused if no specific change in physical layer.
· For Power control only absolute power tolerance requirement per CC is applicable for Case1~3.
Transmit signal quality
Reuse requirement of transmit modulation quality for D2D, with exception of FFS on requirement of frequency error. 
Output RF spectrum emission
Occupied bandwidth for V2V
For SCC operation case occupied bandwidth shall be less than the channel bandwidth specified in Table 6.6.1-1 of TS36.101.
For inter-band MCC operation with uplink active in one V2V band and one E-UTRA band the occupied bandwidth is defined per component carrier. Occupied bandwidth is the bandwidth containing 99% of the total integrated mean power of the transmitted spectrum on assigned channel bandwidth on the component carrier.
For intra-band contiguous MCC operation with uplink active in one V2V band the occupied bandwidth is defined per component carrier. Occupied bandwidth is the bandwidth containing 99% of the total integrated mean power of the transmitted spectrum on assigned channel bandwidth on the component carrier.
Spectrum emission mask
The legacy OOB frequency range could be reused and the Regional Regulation requirement in region 1 shall be captured as additional spectrum emission mask which would be signalled by the network to indicate that UE shall meet such additional requirement for a specific deployment scenario as below:
Table 3.7-1: Additional requirements for V2V 5.9GHz operating band of region1
	
	Spectrum emission limit(dBm)/Channel bandwidth

	ΔfOOB
(MHz)
	10MHz
	Measurement bandwidth

	 0-0.5
	-32
	100 kHz 

	 0.5-1
	-40
	100 kHz

	1-10
	-30
	1 MHz

	10-15
	-40
	1 MHz



ACLR
The general requirement of ACLR depends on co-existence evaluation result. What could be concluded here is that the ACLRUTRA is not applicable at V2V 5.9GHz operating band, since 5.9GHz is not expected to be deployed with adjacent with UTRA system, which is the same to LAA case.
Recommendation:  ACLRUTRA is not applicable at V2V 5.9GHz operating band.
Spurious emissions 
For the spurious emission the frequency range should be extended to 26GHz to adapt the condition of 5.9GHz operating band. Additional spurious emission limit for region1 should also be specified taken into account following regulation highlighted by yellow.
	Frequency range
	Maximum power, (e.i.r.p.) (dBm)
	Reference bandwidth

	5,795 GHz to 5,815 GHz
	-65 ([7], Clause 4.3)
	1 MHz

	5,815 GHz to 5,855 GHz
	-30
	1 MHz

	5,925 GHz to 5,950 GHz
	-30
	1 MHz



TX IM 
No impact foreseen on specification.
Conclusion
In this contribution we generally discussed the V2V UE TX RF requirement with some initial proposal on specification draft, which RAN4 could take into account in V2V RAN4 standard. Some key points are summarized as blow.
With respect to ETSI regulation requirements, we have following considerations.
· If there is proper RAN1 restriction on minimum PRB resource for V2V, the ETSI PSD regulation could be implicitly executed in Maximum output power requirement in test specification for PC3 V2V UE.
· Introduce additional A-MPR for PC5 V2V UE to guarantee the regulation on 23dBm/MHz PSD within transmission channel.
· Introduce additional SEM and spurious emission limit requirement according corresponding regulation.

Following aspects need further study:
· MPR requirement for PC5 and/or case 3.
· A-MPR requirement for PSD regulation
· ACLR depending on co-existence study
· Frequency error requirement

D2D requirement could be considered to be reused as baseline for following requirement of V2V operation:
· Configured transmitted power
· Output power dynamic
· Transmit signal quality requirements except of frequency error
· Transmit intermodulation 

[bookmark: _GoBack]Regarding maximum output power, it is not recommended to consider PC5 for case 3. 
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