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Introduction
This contribution provides V2X reference measurement channels for receiver requirements over PC5 based on RAN1 specifications.
Discussion
Within a PSSCH transmitting, some necessary overhead, i.e., PSCCH, PSSCH DMRS, AGC symbol and GAP symbol should be considered in a slot. Based on RAN1 specification [1], PSCCH is TDM with its associated PSSCH in a SL slot, and there are multiple possible configurations for PSCCH, but only one set of PSCCH parameter is configured in a resource pool [4]. Here the code-rate of LTE-V2X PSCCH (2PRBs, 13 sidelink symbols, 4 PSSCH DRMS symbols without FDM with PSSCH DATA, QPSK modulation order, payload with 24 bits CRC [2]) is introduced as a reference point. Thus 10RBs and 3 symbols are configured to NR-V2X PSCCH transmission with the maximum 48 bits payload and 24 bits CRC [3], where PSCCH DMRS density is 1/3 in every PSCCH symbol, PSCCH modulation order is fixed to QPSK [1]. Meanwhile 2 symbols are assumed as PSSCH DRMS overhead, because at least 2 PSSCH DMRS symbols are mapped in a slot [1]. According TS 38.211, the first sidelink symbol in a slot is duplicated in the immediately preceding OFDM symbol, which means that the first sidelink symbol is working as AGC overhead symbol. Similarly, the last sidelink symbol used for PSSCH in a slot serves as a guard symbol (GAP symbol), which is used as transition period.
In short, the following aspects are considered in defining the FRC for NR V2X.
· 12 symbols are allocated to PSSCH transmission in a SL slot
· 10RBs and 3 symbols is considered as PSCCH transmission overhead.
· 2 symbols are allocated to PSSCH DMRS, which is FDMed between DMRS and PSSCH is supported, and have non-overlap with PSCCH in time domain.
· 24 bits CRC for all CB/TB length
· If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block
Based on above overhead assumption, fixed reference channel is designed for different bandwidth and modulation orders.
FRC for receiver requirements for QPSK
For V2X transmission over PC5, Table 1, Table 2 and Table 3 are applicable for measurements on the Receiver Characteristics with the exception of Maximum input level.
[bookmark: _Ref457461021]Table 1 Fixed reference channel for V2X receiver requirements (SCS 15 kHz, QPSK)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	15
	15
	15
	15

	
Subcarrier spacing configuration  
	
	0
	0
	0
	0

	Allocated resource blocks
	
	52
	106
	160
	216

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	9
	9
	9
	9

	MCS Index
	
	4
	4
	4
	4

	MCS Table for TBS determination
	64QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	For Slots 1,2,3,4,5,6,7,8,9
	Bits
	3904
	8192
	12552
	16896

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	1
	1
	2
	3

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	13008
	27264
	41520
	56304

	Max. Throughput averaged over 1 frame
	Mbps
	3.514
	7.373
	11.297
	15.206

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM between DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame



[bookmark: _Ref457461092]Table 2 Fixed reference channel for V2X receiver requirements (SCS 30 kHz, QPSK)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	30
	30
	30
	30

	
Subcarrier spacing configuration 
	
	1
	1
	1
	1

	Allocated resource blocks
	
	24
	51
	78
	106

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	10
	10
	10
	10

	MCS Index
	
	4
	4
	4
	4

	MCS Table for TBS determination
	64QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	1736
	3840
	6016
	8192

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	2
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	1
	1
	1
	1

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	5616
	12744
	19872
	27264

	Max. Throughput averaged over 1 frame
	Mbps
	1.5624
	3.456
	5.414
	7.373

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM between PSSCH DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame



[bookmark: _Ref457461095]Table 3 Fixed reference channel for V2X receiver requirements (SCS 60 kHz, QPSK)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	60
	60
	60
	60

	
Subcarrier spacing configuration 
	
	2
	2
	2
	2

	Allocated resource blocks
	
	11
	24
	38
	51

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	10
	10
	10
	10

	MCS Index
	
	4
	4
	4
	4

	MCS Table for TBS determination
	64QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	672
	1736
	2792
	3840

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	2
	2
	2
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	1
	1
	1
	1

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	2184
	5616
	9312
	12744

	Max. Throughput averaged over 1 frame
	Mbps
	0.605
	1.5624
	2.513
	3.456

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM between PSSCH DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame



FRC for maximum input level for 64QAM
For V2X transmission over PC5, Table 4, Table 5 and Table 6 are applicable for Maximum input level when the maximum modulation order is 64QAM.
[bookmark: _Ref47540795]Table 4 Fixed reference channel for V2X receiver requirements (SCS 15 kHz, 64QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	15
	15
	15
	15

	
Subcarrier spacing configuration 
	
	0
	0
	0
	0

	Allocated resource blocks
	
	52
	106
	160
	216

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	9
	9
	9
	9

	MCS Index
	
	24
	24
	24
	24

	MCS Table for TBS determination
	64QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	For Slots 1,2,3,4,5,6,7,8,9
	Bits
	29192
	61480
	94248
	127080

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	4
	8
	12
	16

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	39024
	81792
	124560
	168912

	Max. Throughput averaged over 1 frame
	Mbps
	26.273
	55.332
	84.823
	114.37

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM between PSSCH DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame



[bookmark: _Ref47540804]Table 5 Fixed reference channel for V2X receiver requirements (SCS 30 kHz, 64QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	30
	30
	30
	30

	
Subcarrier spacing configuration 
	
	1
	1
	1
	1

	Allocated resource blocks
	
	24
	51
	78
	106

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	10
	10
	10
	10

	MCS Index
	
	24
	24
	24
	24

	MCS Table for TBS determination
	64QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	12808
	28680
	45096
	61480

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	2
	4
	6
	8

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	16848
	38232
	59616
	81792

	Max. Throughput averaged over 1 frame
	Mbps
	11.527
	25.812
	40.586
	55.332

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM PSSCH between DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame



[bookmark: _Ref47540812]Table 6 Fixed reference channel for V2X receiver requirements (SCS 60 kHz, 64QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	60
	60
	60
	60

	
Subcarrier spacing configuration 
	
	2
	2
	2
	2

	Allocated resource blocks
	
	11
	24
	38
	51

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	10
	10
	10
	10

	MCS Index
	
	24
	24
	24
	24

	MCS Table for TBS determination
	64QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	4864
	12808
	21000
	28680

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	1
	2
	3
	4

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	6552
	16848
	27936
	38232

	Max. Throughput averaged over 1 frame
	Mbps
	4.3776
	11.527
	18.9
	25.812

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM between PSSCH DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame


FRC for maximum input level for 256QAM
For V2X transmission over PC5, Table 7, Table 8 and Table 9 are applicable for Maximum input level when the 256QAM is supported.
[bookmark: _Ref47540873]Table 7 Fixed reference channel for V2X receiver requirements (SCS 15 kHz, 256QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	15
	15
	15
	15

	
Subcarrier spacing configuration 
	
	0
	0
	0
	0

	Allocated resource blocks
	
	52
	106
	160
	216

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	9
	9
	9
	9

	MCS Index
	
	23
	23
	23
	23

	MCS Table for TBS determination
	256QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	For Slots 1,2,3,4,5,6,7,8,9
	Bits
	40976
	83976
	129128
	176208

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	5
	10
	16
	21

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	52032
	109056
	166080
	225216

	Max. Throughput averaged over 1 frame
	Mbps
	36.878
	75.578
	116.22
	158.59

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM between PSSCH DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame



[bookmark: _Ref47540880]Table 8 Fixed reference channel for V2X receiver requirements (SCS 30 kHz, 256QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	30
	30
	30
	30

	
Subcarrier spacing configuration 
	
	1
	1
	1
	1

	Allocated resource blocks
	
	24
	51
	78
	106

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	10
	10
	10
	10

	MCS Index
	
	23
	23
	23
	23

	MCS Table for TBS determination
	256QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	17424
	39936
	61480
	83976

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	3
	5
	8
	10

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	22464
	50976
	79488
	109056

	Max. Throughput averaged over 1 frame
	Mbps
	15.682
	35.942
	55.332
	75.578

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM between PSSCH DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame



[bookmark: _Ref47540887]Table 9 Fixed reference channel for V2X receiver requirements (SCS 60 kHz, 256QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	30
	40

	Subcarrier spacing
	kHz
	60
	60
	60
	60

	
Subcarrier spacing configuration 
	
	2
	2
	2
	2

	Allocated resource blocks
	
	11
	24
	38
	51

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	10
	10
	10
	10

	MCS Index
	
	23
	23
	23
	23

	MCS Table for TBS determination
	256QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Maximum number of HARQ transmissions
	
	0
	0
	0
	0

	Information Bit Payload per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	6784
	17424
	29192
	39936

	Transport block CRC
	Bits
	24
	24
	24
	24

	LDPC base graph
	
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	CBs
	1
	3
	4
	5

	Binary Channel Bits per Slot
	
	
	
	
	

	  For Slots 0
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots 0,1,2,3,4,5,6,7,8,9
	Bits
	8736
	22464
	37248
	50976

	Max. Throughput averaged over 1 frame
	Mbps
	6.1056
	15.682
	26.273
	35.942

	NOTE 1:	There are 14 symbols in a SL slot. Considering AGC and GAP symbol, 12 symbols are allocated to PSSCH transmission.
NOTE 2:	10RBs and 3 symbols allocated to PSCCH transmission 
NOTE 3:	2symbols allocated to PSSCH DMRS. FDM between PSSCH DMRS and PSSCH is supported
NOTE 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 5:	Slot i is slot index per frame



Conclusion
This contribution provides FRC for V2V sidelink over PC5. 
Proposal: It is proposed that the FRC in above tables is adopted.
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