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1. Introduction
In last RAN4#79 meeting, some documents have discussed E-UTRA V2V Reference sensitivity power level requirement for V2V services [1][2], and no conclusion was achieved. This document will further discuss Reference sensitivity power level requirement for V2V UE, and give our proposals and TP for this requirement.
2. Discussion
In [1], following proposals was presented:

Proposal 1. For V2V service in legacy operating bands, REFSENS can be made by same approach as D2D on Eq. 1

Proposal 2. For standalone V2V band such as ITS band, REFSENS can be made on by following Eq. 2
Proposal 3. For the partially allocated V2V RMC, no OCNG shall be added as we already did in D2D WI.

Proposal 4. Start discussion about REFSENS requirements based on Table 1 and Table 2 and reflect delta after RAN1 Spec freezing by e-mail discussion if possible.
Where, the mentioned Eq.1 D2D UE REFSENS is as following  :

· REFSENSD2D = REFSENSWAN + ∆SNRD2D-WAN + f(∆ILUL-DL) + 10log10(LCRB/NRB) [dBm]  
(1)
And Eq.2 is:

· REFSENSV2V=kTB + NFV2V + SNRV2V + IM + 10log10(LCRB/NRB) [dBm]


(2)

· kTB : Thermal noise level in units of dBm. -104 dBm is used for 10MHz LTE CBW and can be reused for V2V requirements 
· NF : Noise figure. 9 dB is used for LTE and can be reused for V2V requirements
· SNRV2V : Target SNR value to meet QoS of essential V2V services. This value should be evaluated by simulation campaign in RAN4 demodulation. For LTE, QPSK R=1/3 is consider as baseline and -4 dB including 2 Rx diversity gain is used.
· IM : implementation margin including UE Rx RF IL. This value should be captured by filter vender’s input.

· 10log10(LCRB/NRB) : Thermal noise level compensation factor when partial-loading is used and no OCNG is added as we did in D2D.

In [2], following proposals was presented:

Proposal 1: To simplify V2V REFESENS requirements, RAN4 consider both single V2V operation in ITS spectrum and multi-carrier receptions (with licensed band and ITS spectrum) case.  

Proposal 2: Other RX requirements should not be defined for V2V UE since each CC should meet the individual RX requirements separately.

In current phase, we propose to prioritize V2V UE REFSENS development on single carrier on 5855-5925MHz band (Band 47). The combination of Band 47  with E-UTRA band 3, 8, 39 and 41 should also be considered as proposed in [2].

For single band operation on V2V band 47. The REFSENS can be made on by following Eq. 2. The factors can be made as :
· kTB: Thermal noise level in units of dBm. -104 dBm is used for 10MHz LTE CBW and can be reused for V2V requirements.
· NF: Noise figure. 9 dB is used for LTE and can be reused for V2V requirements.
· IM : [1]dB is assumed.

· 10log10(LCRB/NRB) : 10log10(2/50) = -13.98dB
· SNRV2V: -1dB is proposed at 95% throughput from the below simulation results [4].
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Based on the above parameters, REFSENS requirement for Band 47 V2V is calculated as [-109]dBm.
For multi-carrier (with licensed band and ITS spectrum) case, band 3, 8, 39 and 41 is considered to operate with Band 47. The interference analysis for these band combinations are,

Band 3 (FDD, UL: 1710~1785MHz; DL: 1805~1880MHz): Its UL 3rd harmonic frequencies are 5130 ~ 5355MHz, DL 2rd harmonic frequencies are 5415 ~ 5640MHz, and will not interfere V2V band 47 (5855-5925MHz).
Band 8 (FDD, UL: 880~915MHz; DL: 925~960MHz): The 6th harmonic frequency of highest DL frequency (960MHz) are 5760MHz, and 7th harmonic frequency of lowest UL frequency (880MHz) are 6160MHz. So, harmonic frequencies signal of Band 8 will not interfere V2V band 47. 
Band 39 (1880~1920MHz), Its 3rd harmonic frequencies are 5640 ~ 5760MHz, and will not interfere V2V band 47. 
Band 41 (2496~2690MHz), Its 2nd harmonicfrequencies are 4992~5380MHz, and will not interfere V2V band 47 also. 
So when Band 47 is configured to operate with Band 3, 8 39 or  41, there will be no harmonic issue between these band combinations. No further relaxation is needed for REFSENS compared to V2X REFSENS for single band operation on Band 47.
3. Conclusion
This document discussed the V2V UE REFSENS requirement. Based on the discussion, the V2V UE REFSENS power level is proposed as -109dBm. A corresponding text Proposal is also provided for TR36.785v0.2.0.
4. Text Proposal in TR36.785
7.x
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to the UE antenna connector at which the throughput shall meet or exceed 95% of the maximum throughput of the reference measurement channels.
It was agreed that the V2V UE REFSENS is defined based on following equation: 
REFSENSV2V=kTB + NFV2V + SNRV2V + IM + 10log10(LCRB/NRB) [dBm]
Where

· kTB: Thermal noise level in units of dBm. -104 dBm is used for 10MHz LTE CBW and can be reused for V2V requirements.

· NF: Noise figure. [9]dB is used for LTE and can be reused for V2V requirements.
· IM: [1]dB is assumed.

· 10log10(LCRB/NRB) : 10log10(2/50) = -13.98dB

· LCRB: Transmission BW of the new D2D reference measurement channel
· NRB: Transmission BW configuration (since DL reference measurement channels are fully allocated)
· SNRV2V: [-1]dB is proposed at 95% thoughout from simulation results.

Based on the above parameters, REFSENS requirement is calculated as [-109] dBm.
When the UE is configured for E-UTRA V2X reception non-concurrent with E-UTRA uplink transmissions for E-UTRA V2X operating on Band 47, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes [A.x.x] with parameters specified in Table 7.x-1.
Table 7.x-1: Reference sensitivity for V2V standalone operation
	Channel bandwidth

	E-UTRA 

ProSe Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	47
	
	
	
	[-109]
	
	[-109]
	TDD

	NOTE 1:
Reference measurement channel is [A.x.x]. 

NOTE 2:
The signal power is specified per port.


When E-UTRA V2X UE is configured for concurrent operation with E-UTRA uplink at band 3, 8, 39, 41, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in [A.x.x] with parameters specified in Table 7.x-1. The reference sensitivity is defined to be met with E-UTRA uplink assigned to one band (that differs from the V2X operating band) and all E-UTRA downlink carriers active. The E-UTRA uplink resource blocks shall be located as close as possible to E-UTRA V2X operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1 in 36.101). The uplink configuration for the E-UTRA operating band is specified in Table 7.x-2.
Table 7.x-2: Uplink configuration for V2X E-UTRA band 
	Inter-band E-UTRA V2X /E-UTRA configuration
	E-UTRA UL band / Channel BW / NRB / Duplex mode

	E-UTRA V2X band
	E-UTRA band
	E-UTRA UL band
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	47
	3
	3
	10
	50
	TDD-FDD

	47
	8
	8
	10
	50
	TDD-FDD

	47
	39
	39
	10
	50
	TDD-TDD

	47
	41
	41
	10
	50
	TDD-TDD
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