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1. Introduction
According to the WID of V2X [1], one of the objectives for RAN4 in the current V2X WI is to specify the enhancements to support up to 33dBm UE maximum output power for PC5 in 5855MHz ~ 5925MHz. Meanwhile, the regulatory limit on the maximum e.i.r.p. should be considered. In RAN4#80bis meeting, companies have discussed this topic extensively and the agreements were captured in the WF [2], as shown below:

· RAN4 can define power class as option 1 for V2X UE to support up to 33dBm maximum power

Where the option 1 is:

Power class 2 + antenna gain (up to 6dBi) 

· PROS: Easy specify to support high max. power, follow legacy Transmission RF requirements except ACLR and ACS

· CONS: Need technical support to satisfy the 26dBm maximum output power at antenna connector in ITS spectrum 

In this contribution, we will discuss the Rx requirements of V2X high power single carrier operation, and the corresponding TP for TR 36.786 [3] will be proposed in the Annex.
2.  Discussion
Comparing to the power class 3 V2X UE operating on single carrier, the high power case is mainly about the transmitter, where the requirements like MOP, MPR/A-MPR and ACLR are supposed to be changed. While for receiver part, it proposed no additional modification is needed on the existent power class 3 single carrier operation requirements, which are specified in section 7 of TR 36.785 [4]. For ACS requirement, although it is model together with ACLR in ACIR, it’s preferable to keep the requirement unchanged so that no additional upgrade is needed on the filter of receiver.
Based on above consideration, TP for Rx requirements of V2X high power single carrier operation is proposed in the Annex.
3. Reference
[1]      RP-162519, “WID_LTE_V2X_for_RAN_73”, LGE.
[2]
R4-168998, “WF on power class for high power V2X UE”, LGE
[3]
TR36.786v0.2.0, V2X Services based on LTE sidelink - User Equipment (UE) radio transmission and reception.
[4]
TR36.785v14.0.0, V2V Services based on LTE sidelink - User Equipment (UE) radio transmission and reception.
4. Annex, TP for TR36.786 v0.2.0
<<Unchanged sections omitted>>

8.2
High power single-carrier operation 

Comparing to the power class 3 single carrier V2X operations, the high power case is mainly about the transmitter, while for receiver part, no additional modification is needed on the existent power class 3 single carrier operation requirements, which are specified in section 7 of TR 36.785. 
8.2.1
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’s proposed the current requirement defined for power class 3 V2X UE operating on single carrier should apply, as shown in Table 8.2.1-1.

Table 8.2.1-1: Reference sensitivity for power class 2 V2X 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
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	[-90.5]
	
	[-87.6]
	TDD

	NOTE 1:
Reference measurement channel is [A.8.2] in TS36.101.
NOTE 2:
The signal power is specified per port.


8.2.2
Maximum input level
Maximum input level is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.
It’s proposed the current requirement defined for power class 3 V2X UE operating on single carrier should apply, as shown in Table 8.2.2-1.
Table 8.2.2-1: Maximum input level for power class 2 V2X

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	
	
	
	10
MHz
	
	20
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-22

	NOTE 1:
Reference measurement channel is Annex A.8.2 in TS36.101


8.2.3
Adjacent Channel Selectivity (ACS)
For ACS requirement, although it is model together with ACLR in ACIR, it’s preferable to keep the requirement unchanged so that no additional upgrade is needed in the filter of receiver, as shown in Table 8.2.3-1 to Table 8.2.3-3. 
Table 8.2.3-1: Adjacent channel selectivity for power class 2 V2X

	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4
MHz 
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	ACS
	dB
	
	
	
	33.0
	
	27.0


Table 8.2.3-2: Test parameters for Adjacent channel selectivity for power class 2 V2X, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

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

	Power in Transmission Bandwidth Configuration
	dBm
	PREFSENS_V2X + 14 dB

	PInterferer
	dBm
	
	
	
	REFSENS +45.5dB
	
	REFSENS +39.5dB

	BWInterferer 
	MHz
	
	
	
	10
	
	10

	FInterferer (offset)
	MHz
	
	
	
	10+0.0125

/

-10-0.0125
	
	15+0.0075

/

-15-0.0075

	NOTE 1:
The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.


Table 8.2.3-3: Test parameters for Adjacent channel selectivity for power class 2 V2X, Case 2

	Rx Parameter
	Units 
	Channel bandwidth

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

	Power in Transmission Bandwidth Configuration
	dBm
	
	
	
	-56.5
	
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	
	
	
	10
	
	10

	FInterferer (offset)
	MHz
	
	
	
	10+0.0125

/

-10-0.0125
	
	15+0.0075

/

-15-0.0075

	NOTE 1:
The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.


8.2.4
Blocking characteristics
The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response occur.
8.2.4.1
In-band blocking
It’s proposed the current requirement defined for power class 3 V2X UE operating on single carrier should apply, as shown in Table 8.2.4.1-1 and Table 8.2.4.1-2.
Table 8.2.4.1-1: In band blocking parameters for power class 2 V2X

	Rx parameter
	Units 
	
Channel bandwidth

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

	Power in Transmission Bandwidth Configuration
	dBm
	PREFSENS_V2X + channel bandwidth specific value below

	
	
	
	
	
	6
	
	9

	BWInterferer 
	MHz
	
	
	
	10
	
	10

	FIoffset, case 1 
	
MHz
	
	
	
	15+0.0025
	
	15+0.005

	FIoffset, case 2 
	MHz
	
	
	
	25+0.0075
	
	25+0.0025

	NOTE 1:
The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211


Table 8.2.4.1-2: In-band blocking for power class 2 V2X

	E-UTRA ProSe

band
	Parameter
	Unit
	Case 1
	Case 2

	
	PInterferer
	dBm
	-56
	-44

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2
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	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 30

to

FDL_high + 30

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 


8.2.4.2
Out-of-band blocking

It’s proposed the current requirement defined for power class 3 V2X UE operating on single carrier should apply, as shown in Table 8.2.4.2-1.
Table 8.2.4.2-1: Out of band blocking for power class 2 V2X
	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15
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	FInterferer (CW)
	MHz
	FDL_low -30 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz
	-

	
	
	
	FDL_high +30 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz
	-

	NOTE:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 4400 MHz.


8.2.4.3
Narrow band blocking

It is proposed that narrow-band blocking requirements do not apply in the presence of a narrow-band interferer in Band 47.

8.2.5
Spurious response
Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency at which a response is obtained.

It’s proposed the current requirement defined for power class 3 V2X UE operating on single carrier should apply, as shown in Table 8.2.5-1 and Table 8.2.5-2.

Table 8.2.5-1: Spurious response parameters for power class 2 V2X

	Rx parameter
	Units 
	Channel bandwidth

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

	Power in Transmission Bandwidth Configuration
	dBm
	PREFSENS_V2X + channel bandwidth specific value below

	
	
	
	
	
	6
	
	9

	NOTE 1:
Reference measurement channel is specified in Annex A.8.2 in TS 36.101.


Table 8.2.5-2: Spurious response for power class 2 V2X

	Parameter
	Unit
	Level

	PInterferer

(CW)
	dBm
	-44

	FInterferer
	MHz
	Spurious response frequencies


8.2.6
Intermodulation characteristics
Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal.

It’s proposed the current requirement defined for power class 3 V2X UE operating on single carrier should apply, as shown in Table 8.2.6-1.
Table 8.2.6-1: Wide band intermodulation for power class V2X
	E-UTRA band
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
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	Power in Transmission Bandwidth Configuration
	dBm
	PREFSENS_V2X + channel bandwidth specific value below

	
	
	
	
	
	
	6
	
	9

	
	PInterferer 1
(CW)
	dBm
	-46

	
	PInterferer 2
(Modulated)
	dBm
	-46

	
	BWInterferer 2
	
	
	
	
	10
	
	10

	
	FInterferer 1
(Offset)
	MHz
	
	
	
	-BW/2 – 15

/

+BW/2 + 15
	
	-BW/2 – 15

/

+BW/2 + 15

	
	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
Reference measurement channel is specified in Annex A.8.2 in TS36.101.

NOTE 2:
The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.


8.2.7
RX spurious emissions
The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector.
It’s proposed the current requirement defined for power class 3 V2X UE operating on single carrier should apply, as shown in Table 8.2.7-1 and Table 8.2.7-2.
Table 8.2.7-1: General receiver spurious emission requirements for power class 2 V2X
	Frequency band
	Measurement

bandwidth
	Maximum level
	NOTE

	30MHz ( f < 1GHz
	100 kHz
	-57 dBm
	

	1GHz ( f ( 12.75 GHz
	1 MHz
	-47 dBm
	

	12.75 GHz ( f ( 5th harmonic of the upper frequency edge of the DL operating band in GHz
	1 MHz
	-47 dBm
	1

	12.75 GHz ‑ 26 GHz
	1 MHz
	-47 dBm
	3

	NOTE 1:
Applies only for Band 22, Band 42 and Band 43.

NOTE 2:
Unused PDCCH resources are padded with resource element groups with power level given by PDCCH_RA/RB as defined in Annex C.3.1.
NOTE 3:
Applies for Band 47.


Table 8.2.7-2: Additional RX spurious emissions limits in Region 1 

	Frequency Range
	Maximum Level (EIRP)
	Measurement bandwidth
	NOTE

	5795 MHz ( f < 5815MHz
	-60 dBm
	1 MHz
	Applicable for an intended antenna installation≤2m above the ground level

	5795 MHz ( f < 5815MHz
	-65 dBm
	1 MHz
	Applicable for an intended antenna installation>2m above the ground level


The additional Rx spurious emission limits, however, are specified in EIRP. Furthermore, the requirement varies based on antenna installation. It is FFS how to convert this to conducted requirements.
<<Unchanged sections omitted>>

<<End of text proposal>>
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