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1 Introduction
New intra-band contiguous multi-carrier and CA scenarios including 20MHz+10MHz and 10MHz+10MHz+10MHz were introduced in Rel-15. Since only RX is agreed so this contribution discusses receiver requirements for these new scenarios.
2 Discussion

2.1 New bandwidth class

V2X Bandwidth Class is specified in Table 5.6G.1-3 for V2X intra-band contiguous multi-carrier operation in TS 36.101. For new scenarios in Rel-15, new V2X bandwidth class needs to be introduced.
For 20MHz+10MHz, bandwidth class C in CA can be reused for V2X with 2 contiguous CCs. But for 10MHz+10MHz+10MHz, no bandwidth class in CA is applicable. It is proposed to introduce bandwidth class C’ for this scenario with 3CCs supporting 20MHz~40MHz aggregated bandwidth. Then the Table 5.6G.1-3 can be updated as below:
Table 5.6G.1-3: V2X bandwidth classes and corresponding nominal guard bands

	V2X Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Number of contiguous CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	a1 BWChannel(1) - 0.5f1 (NOTE 2)

	B
	25 < NRB,agg ≤ 100
	2
	[0.05 max(BWChannel(1),BWChannel(2))

 - 0.5f1]

	C
	100 < NRB,agg ≤ 200
	2
	[0.05 max(BWChannel(1),BWChannel(2))

 - 0.5f1]

	C’
	100 < NRB,agg ≤ 200
	3
	[0.05 max(BWChannel(1),BWChannel(2))

 - 0.5f1]

	D
	200 < NRB,agg ≤ 300
	3
	NOTE 3

	E
	300 < NRB,agg ≤ 400
	4
	NOTE 3

	F
	400 < NRB,agg ≤ 500
	5
	NOTE 3

	I
	700 < NRB,agg ≤ 800
	8
	NOTE 3

	NOTE 1:
BWChannel(j), j = 1, 2, 3, 4 is the channel bandwidth of an E-UTRA component carrier according to Table 5.6-1 and f1 = f for the downlink with f the subcarrier spacing while f1 = 0 for the uplink.

NOTE 2:
a1 = 0.16/1.4 for BWChannel(1) = 1.4 MHz whereas a1 = 0.05 for all other channel bandwidths.

NOTE 3:
Applicable for later releases.


2.2 Receiver requirement

2.2.1 REFSENS
The reference sensitivity requirement for intra-band contiguous multi-carrier and CA operation for V2X reuse the single carrier requirement for each CC. This can be kept for any intra-band scenario regardless of the bandwidth class.
2.2.2 Maximum input level
The method of maximum input level for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the power for each CC is changed to align with V2X operation.
Table 1 Maximum input level for intra-band contiguous multi-carrier for V2X

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	A
	B
	C/C’
	D
	E
	F

	Power in largest Transmission Bandwidth Configuration CC
	dBm
	
	-222
	-222
	
	
	

	Power in each other CC
	dBm
	
	-22+ 10log(NRB,c /NRB,largest BW) 2
	-22+ 10log(NRB,c /NRB,largest BW) 2
	
	
	


2.2.3 Adjacent Channel Selectivity (ACS)
The method of ACS for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the power for each CC is changed to align with V2X operation.
Table 2 Adjacent channel selectivity for intra-band contiguous multi-carrier for V2X

	
	
	CA Bandwidth Class

	Rx Parameter
	Units
	B
	C/C’
	D
	E
	F

	ACS
	dB
	27
	24
	
	
	


Table 3 Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC
	
	REFSENS + 14 dB
	REFSENS + 14 dB
	
	
	

	PInterferer
	dBm
	Aggregated power + 25.5 dB
	Aggregated power + 22.5 dB
	
	
	

	BWInterferer 
	MHz
	10
	10
	
	
	

	FInterferer (offset)
	MHz
	5 + Foffset
/

-5 - Foffset
	5 + Foffset
/

-5 - Foffset
	
	
	

	NOTE :
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the adjacent channel interferer and shall be further adjusted to 
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MHz to be offset from the sub-carrier raster.


Table 3 Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	-50.5 +10log10(NRB,c/ NRB agg)
	-47.5 +10log10(NRB,c/ NRB agg)
	
	
	

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	10
	10
	
	
	

	FInterferer (offset)


	MHz
	5+ Foffset
/

-5- Foffset
	5+ Foffset
/

-5- Foffset
	
	
	

	NOTE :
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the adjacent channel interferer and shall be further adjusted to 
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MHz to be offset from the sub-carrier raster.


2.2.4 Blocking characteristics
2.2.4.1 In-band blocking
The method of in-band blocking for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the power for each CC is changed to align with V2X operation.
Table 3 In band blocking parameters for intra-band contiguous multi-carrier for V2X
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + V2X Bandwidth Class specific value below

	
	
	9
	12
	
	
	

	BWInterferer 
	MHz
	10
	10
	
	
	

	FIoffset, case 1 
	MHz
	15
	15
	
	
	

	FIoffset, case 2 
	MHz
	25
	25
	
	
	


	V2X multi-carrier configuration
	Parameter
	 Unit
	Case 1
	Case 2

	
	PInterferer
	 dBm
	-44
	-44

	
	FInterferer

(offset)
	MHz
	=-Foffset– FIoffset,case 1
&

=+Foffset + FIoffset,case 1
	≤-Foffset– FIoffset,case 2
&

≥+Foffset + FIoffset,case 2

	V2X_47B,V2X_47C,V2X_47C’
	FInterferer (Range)
	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 30 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 -Foffset - FIoffset, case 1 and




b. the carrier frequency +Foffset + FIoffset, case 1

NOTE 3:
Foffset is the frequency offset from the center frequency of the CC being tested to the edge of aggregated channel bandwidth.

NOTE 4:
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the interferer and shall be further adjusted to 
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NOTE 5:
The requirement is applied for 2 carrier intra-concurrent recpetions when 2 carrier transmission are activated at the same time


Table 3 In-band blocking for intra-band contiguous multi-carrier for V2X

2.2.4.2 Out-of-band blocking

The method of out-of-band blocking for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the application range is changed to align with V2X operation.
Table 3 Out-of-band blocking parameters for intra-band contiguous multi-carrier for V2X
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + V2X Bandwidth Class specific value below

	
	
	9
	9
	
	
	


Table 3 Out of band blocking for intra-band contiguous multi-carrier for V2X
	V2X multi-carrier configuration
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3

	
	PInterferer
	dBm
	-44
	-30
	-15

	V2X_47B, V2X_47C, V2X_47C’
	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 1:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 4400 MHz.


2.2.5  Spurious response
The method of spurious response for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’.
Table 3: Spurious response parameters for intra-band contiguous multi-carrier for V2X
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	9
	9
	
	
	


Table 3 Spurious response for intra-band contiguous multi-carrier for V2X
	Parameter
	Unit
	Level

	PInterferer

(CW)
	dBm
	-44

	FInterferer
	MHz
	Spurious response frequencies


2.2.6 Intermodulation characteristics

The method of intermodulation for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the power for each CC is changed to align with V2X operation.
Table 3 Wide band intermodulation for intra-band contiguous multi-carrier for V2X
	Rx parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	9
	12
	
	
	

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	MHz
	10
	10
	
	
	

	FInterferer 1
(Offset)
	MHz
	–Foffset-15
/

+ Foffset+15
	–Foffset-15
/

+ Foffset+15
	
	
	

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1


2.2.7 RX spurious emissions

The spurious emission requirement for intra-band contiguous multi-carrier and CA operation for V2X can reuse single carrier requirement and no change for additional V2X bandwidth class.
2.2.8 Receiver image
The receiver image requirement for intra-band contiguous multi-carrier and CA operation bandwidth class B can be reused for V2X bandwidth class C/C’.
Table 3 Receiver image rejection
	
	V2X Bandwidth Class

	Rx parameter
	Units
	A
	B
	C/C’
	D
	E
	F

	Receiver image rejection
	dB
	
	[30]
	[30]
	
	
	


3 Conclusion
This contribution discusses receiver requirements for new V2X intra-band multi-carrier and CA scenarios and corresponding TP is provided as below.
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5  V2X scenarios in Rel-15
5.2 Operating bands and channel arrangement
5.2.x Channel bandwidth for V2X Communication
5.2.x.1 Channel bandwidth for intra-band contiguous operation
V2X Bandwidth Class is specified in Table 5.6G.1-3 for V2X intra-band contiguous multi-carrier operation in TS 36.101. For new scenarios in Rel-15, new V2X bandwidth class needs to be introduced.

For 20MHz+10MHz, bandwidth class C in CA can be reused for V2X with 2 contiguous CCs. But for 10MHz+10MHz+10MHz, no bandwidth class in CA is applicable. Bandwidth class C’ can be introduced for this scenario with 3CCs supporting 20MHz~40MHz aggregated bandwidth. Then the Table 5.6G.1-3 can be updated as below:
Table 5.2.x.1-1 V2X bandwidth classes and corresponding nominal guard bands

	V2X Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Number of contiguous CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	a1 BWChannel(1) - 0.5f1 (NOTE 2)

	B
	25 < NRB,agg ≤ 100
	2
	[0.05 max(BWChannel(1),BWChannel(2))

 - 0.5f1]

	C
	100 < NRB,agg ≤ 200
	2
	[0.05 max(BWChannel(1),BWChannel(2))

 - 0.5f1]

	C’
	100 < NRB,agg ≤ 200
	3
	[0.05 max(BWChannel(1),BWChannel(2))

 - 0.5f1]

	D
	200 < NRB,agg ≤ 300
	3
	NOTE 3

	E
	300 < NRB,agg ≤ 400
	4
	NOTE 3

	F
	400 < NRB,agg ≤ 500
	5
	NOTE 3

	I
	700 < NRB,agg ≤ 800
	8
	NOTE 3

	NOTE 1:
BWChannel(j), j = 1, 2, 3, 4 is the channel bandwidth of an E-UTRA component carrier according to Table 5.6-1 and f1 = f for the downlink with f the subcarrier spacing while f1 = 0 for the uplink.

NOTE 2:
a1 = 0.16/1.4 for BWChannel(1) = 1.4 MHz whereas a1 = 0.05 for all other channel bandwidths.

NOTE 3:
Applicable for later releases.


For V2X contiguous multi-carrier and CA operation, the V2X Communication channel bandwidths for each operating band is specified in Table 4.3.3.2.2-1. 
Table 5.2.x.1-2 V2X intra-band multi-carrier and CA configurations
	
	V2X multi-carrier configuration / Bandwidth combination set

	V2X multi-carrier and CA Configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	
	

	V2X_47C
	10
	20
	
	
	
	20
	0

	
	20
	10
	
	
	
	
	

	V2X_47C’
	10
	10
	10
	
	
	30
	0


<Next Section>
8
Receiver characteristics
8.1 Intra-band contiguous scenario
8.1.1 REFSENS
The reference sensitivity requirement for intra-band contiguous multi-carrier and CA operation for V2X reuse the single carrier requirement for each CC. This can be kept for any intra-band scenario regardless of the bandwidth class.
8.1.2 Maximum input level
The method of maximum input level for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the power for each CC is changed to align with V2X operation.
Table 1 Maximum input level for intra-band contiguous multi-carrier for V2X

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	A
	B
	C/C’
	D
	E
	F

	Power in largest Transmission Bandwidth Configuration CC
	dBm
	
	-222
	-222
	
	
	

	Power in each other CC
	dBm
	
	-22+ 10log(NRB,c /NRB,largest BW) 2
	-22+ 10log(NRB,c /NRB,largest BW) 2
	
	
	


8.1.3 Adjacent Channel Selectivity (ACS)
The method of ACS for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the power for each CC is changed to align with V2X operation.
Table 2 Adjacent channel selectivity for intra-band contiguous multi-carrier for V2X

	
	
	CA Bandwidth Class

	Rx Parameter
	Units
	B
	C/C’
	D
	E
	F

	ACS
	dB
	27
	24
	
	
	


Table 3 Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC
	
	REFSENS + 14 dB
	REFSENS + 14 dB
	
	
	

	PInterferer
	dBm
	Aggregated power + 25.5 dB
	Aggregated power + 22.5 dB
	
	
	

	BWInterferer 
	MHz
	10
	10
	
	
	

	FInterferer (offset)
	MHz
	5 + Foffset
/

-5 - Foffset
	5 + Foffset
/

-5 - Foffset
	
	
	

	NOTE :
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the adjacent channel interferer and shall be further adjusted to 
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MHz to be offset from the sub-carrier raster.


Table 3 Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	-50.5 +10log10(NRB,c/ NRB agg)
	-47.5 +10log10(NRB,c/ NRB agg)
	
	
	

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	10
	10
	
	
	

	FInterferer (offset)


	MHz
	5+ Foffset
/

-5- Foffset
	5+ Foffset
/

-5- Foffset
	
	
	

	NOTE :
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the adjacent channel interferer and shall be further adjusted to 
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8.1.4 Blocking characteristics
8.1.4.1 In-band blocking
The method of in-band blocking for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the power for each CC is changed to align with V2X operation.
Table 3 In band blocking parameters for intra-band contiguous multi-carrier for V2X
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + V2X Bandwidth Class specific value below

	
	
	9
	12
	
	
	

	BWInterferer 
	MHz
	10
	10
	
	
	

	FIoffset, case 1 
	MHz
	15
	15
	
	
	

	FIoffset, case 2 
	MHz
	25
	25
	
	
	


Table 3 In-band blocking for intra-band contiguous multi-carrier for V2X
	V2X multi-carrier configuration
	Parameter
	 Unit
	Case 1
	Case 2

	
	PInterferer
	 dBm
	-44
	-44

	
	FInterferer

(offset)
	MHz
	=-Foffset– FIoffset,case 1
&

=+Foffset + FIoffset,case 1
	≤-Foffset– FIoffset,case 2
&

≥+Foffset + FIoffset,case 2

	V2X_47B,V2X_47C,V2X_47C’
	FInterferer (Range)
	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 30 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 -Foffset - FIoffset, case 1 and




b. the carrier frequency +Foffset + FIoffset, case 1

NOTE 3:
Foffset is the frequency offset from the center frequency of the CC being tested to the edge of aggregated channel bandwidth.

NOTE 4:
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the interferer and shall be further adjusted to 
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NOTE 5:
The requirement is applied for 2 carrier intra-concurrent recpetions when 2 carrier transmission are activated at the same time


8.1.4.1 Out-of-band blocking

The method of out-of-band blocking for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the application range is changed to align with V2X operation.
Table 3 Out-of-band blocking parameters for intra-band contiguous multi-carrier for V2X
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + V2X Bandwidth Class specific value below

	
	
	9
	9
	
	
	


Table 3 Out of band blocking for intra-band contiguous multi-carrier for V2X
	V2X multi-carrier configuration
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3

	
	PInterferer
	dBm
	-44
	-30
	-15

	V2X_47B, V2X_47C, V2X_47C’
	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 1:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 4400 MHz.


8.1.5 Spurious response
The method of spurious response for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’.
Table 3: Spurious response parameters for intra-band contiguous multi-carrier for V2X
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	9
	9
	
	
	


Table 3 Spurious response for intra-band contiguous multi-carrier for V2X
	Parameter
	Unit
	Level

	PInterferer

(CW)
	dBm
	-44

	FInterferer
	MHz
	Spurious response frequencies


8.1.6 Intermodulation characteristics

The method of intermodulation for intra-band contiguous CA bandwidth class C can be used for V2X intra-band contiguous multi-carrier and CA operation bandwidth class C/C’, only the power for each CC is changed to align with V2X operation.
Table 3 Wide band intermodulation for intra-band contiguous multi-carrier for V2X
	Rx parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C/C’
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	9
	12
	
	
	

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	MHz
	10
	10
	
	
	

	FInterferer 1
(Offset)
	MHz
	–Foffset-15
/

+ Foffset+15
	–Foffset-15
/

+ Foffset+15
	
	
	

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1


8.1.7 RX spurious emissions

The spurious emission requirement for intra-band contiguous multi-carrier and CA operation for V2X can reuse single carrier requirement and no change for additional V2X bandwidth class.
8.1.8 Receiver image
The receiver image requirement for intra-band contiguous multi-carrier and CA operation bandwidth class B can be reused for V2X bandwidth class C/C’.
Table 3 Receiver image rejection
	
	V2X Bandwidth Class

	Rx parameter
	Units
	A
	B
	C/C’
	D
	E
	F

	Receiver image rejection
	dB
	
	[30]
	[30]
	
	
	


<End of Text Proposal>
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