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1 Introduction
64QAM over PC5 is introduced in V2X phase 2 as required in the objective of WID [1].
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;

This contribution discusses the corresponding RF requirements for 64QAM.
2 Discussion

Requirements specific to 64QAM only include MPR and maximum input level. For MPR, simulation needs to be run for 64QAM to meet general LTE ACLR, SEM, EVM requirements for both single carrier and intra-band contiguous multi-carrier operation. 
2.1 MPR for single carrier for power class 3
Simulation results for single carrier power class 3 can be found in Figure 1.
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Figure 1 MPR simulation results for 64QAM single carrier for power class 3
Based on the simulation results, the allowed Maximum Power Reduction (MPR) for 64QAM for power class 3 can be specified as follows:
Table 1: Maximum Power Reduction (MPR) for power class 3 V2X Communication (Contiguous PSCCH and PSSCH transmission)
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	
	
	
	-
	
	-
	≤ 1.5

	16 QAM
	
	
	
	-
	
	-
	≤ 2

	64 QAM
	
	
	
	-
	
	-
	≤ 2.2


For transmissions with PSCCH and PSSCH in non-adjacent resource blocks in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power specified in TS 36.101 is enough to cover required MPR for 64QAM, so it is also applicable for 64QAM.
2.2 MPR for single carrier for power class 2
Simulation results for single carrier power class 2 can be found in Figure 2.
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Figure 2 MPR simulation results for 64QAM single carrier for power class 2

Based on the simulation results, the allowed Maximum Power Reduction (MPR) for 64QAM for power class 2 can be specified as follows:

Table 2: Maximum Power Reduction (MPR) for power class 2 V2X Communication (Contiguous PSCCH and PSSCH transmission)
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	
	
	
	
	
	
	≤ 2

	16 QAM
	
	
	
	
	
	
	≤ 2.5

	64 QAM
	
	
	
	
	
	
	≤ 2.5


For transmissions with PSCCH and PSSCH in non-adjacent resource blocks in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power specified in TS 36.101 is enough to cover required MPR for 64QAM, so it is also applicable for 64QAM.
2.3 MPR for 10MHz+10MHz for power class 3
Simulation results for intra-band contiguous multi-carrier operation 10MHz+10MHz power class 3 can be found in Figure 3.
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Figure 3 MPR simulation results for 64QAM 10MHz+10MHz for power class 3
Based on the simulation results, for intra-band contiguous multi-carrier operation bandwidth class B the allowed Maximum Power Reduction (MPR) for the maximum output power can be specified as follows. In case the modulation format is different on different component carriers then the MPR is determined by the rules applied to higher order of those modulations.
MPR = CEIL { MA, 0.5}

Where MA is defined as follows for QPSK, 16 QAM and 64 QAM

MA = 
6.5




; 0 ≤ A < 0.1
8.5 - 20A 


; 0.1 ≤ A < 0.2
5.75 – 6.25A

; 0.2 ≤ A < 0.6
2.0


      ; 0.6≤ A ≤ 1,

2.4 Maximum input level

Maximum input level is specified as -25dBm for LTE DL 64QAM signal, when introducing LTE DL 256QAM signal, this requirement is relaxed to be -27dBm due to higher PAPR for 256QAM. For D2D and V2X, since the UE receiving signal in side link is the same as LTE UL signal, maximum input level is tightened to be -22dBm for 16QAM. Following the same methodology, for V2X side link 64QAM signal, the maximum input level should also be relaxed and -23dBm with 1dB relaxing is proposed.
Table 4: Maximum input level 

	Rx Parameter
	Units 
	Modulation
	Channel bandwidth

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

	Power in Transmission Bandwidth Configuration
	dBm
	16 QAM
	-
	-
	-
	-22
	-
	-22

	
	
	64 QAM
	-
	-
	-
	-23
	
	-23


For intra-band contiguous multi-carrier operation, maximum input level follows the requirement for single carrier.
Table 5: Maximum input level for intra-band contiguous multi-carrier for V2X UE
	Rx Parameter
	Units
	Modulation
	V2X Bandwidth Class

	
	
	
	A
	B
	C
	D
	E
	F

	Power in largest Transmission Bandwidth Configuration CC
	dBm
	16 QAM
	
	-22
	
	
	
	

	
	
	64 QAM
	
	-23
	
	
	
	

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

	
	
	64 QAM
	
	-23+ 10log(NRB,c /NRB,largest BW) 2
	
	
	
	


3 Conclusion
This contribution discusses requirements for sidelink 64QAM and corresponding TP is provided as below.
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7 Transmit characteristics
7.1 64QAM over PC5
Requirements specific to 64QAM include MPR. For MPR, simulation needs to be run for 64QAM to meet general LTE ACLR, SEM, EVM requirements for both single carrier and intra-band contiguous multi-carrier operation. 
7.1.1 MPR for single carrier for power class 3
Based on the simulation results, the allowed Maximum Power Reduction (MPR) for 64QAM for power class 3 can be specified as follows:
Table 7.1.1-1: Maximum Power Reduction (MPR) for power class 3 V2X Communication (Contiguous PSCCH and PSSCH transmission)
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	
	
	
	-
	
	-
	≤ 1.5

	16 QAM
	
	
	
	-
	
	-
	≤ 2

	64 QAM
	
	
	
	-
	
	-
	≤ TBD


For transmissions with PSCCH and PSSCH in non-adjacent resource blocks in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power specified in TS 36.101 is TBD [enough to cover required MPR for 64QAM, so it is also applicable for 64QAM].
7.1.2 MPR for single carrier for power class 2
Based on the simulation results, the allowed Maximum Power Reduction (MPR) for 64QAM for power class 2 can be specified as follows:

Table 7.1.2-1: Maximum Power Reduction (MPR) for power class 2 V2X Communication (Contiguous PSCCH and PSSCH transmission)
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	
	
	
	-
	
	-
	≤ 2

	16 QAM
	
	
	
	-
	
	-
	≤ 2.5

	64 QAM
	
	
	
	-
	
	-
	≤ TBD


For transmissions with PSCCH and PSSCH in non-adjacent resource blocks in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power specified in TS 36.101 is TBD [enough to cover required MPR for 64QAM, so it is also applicable for 64QAM].
7.1.3 MPR for 10MHz+10MHz for power class 3
Based on the simulation results, for intra-band contiguous multi-carrier operation bandwidth class B the allowed Maximum Power Reduction (MPR) for the maximum output power can be specified as follows. In case the modulation format is different on different component carriers then the MPR is determined by the rules applied to higher order of those modulations.
MPR = CEIL { MA, 0.5}

Where MA is defined as follows for QPSK, 16 QAM and 64 QAM

[MA = 
6.5




; 0 ≤ A < 0.1

8.5 - 20A 


; 0.1 ≤ A < 0.2

5.75 – 6.25A

; 0.2 ≤ A < 0.6

2.0


      ; 0.6≤ A ≤ 1,]
<Next Section>
8
Receiver characteristics

8.1 64QAM over PC5
8.1.1 Maximum input level
Maximum input level is specified as -25dBm for LTE DL 64QAM signal, when introducing LTE DL 256QAM signal, this requirement is relaxed to be -27dBm due to higher PAPR for 256QAM. For D2D and V2X, since the UE receiving signal in side link is the same as LTE UL signal, maximum input level is tightened to be -22dBm for 16QAM. Following the same methodology, for V2X side link 64QAM signal, the maximum input level should also be relaxed and -23dBm with 1dB relaxing is proposed.
Table 8.1.1-1: Maximum input level 

	Rx Parameter
	Units 
	Modulation
	Channel bandwidth

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

	Power in Transmission Bandwidth Configuration
	dBm
	16 QAM
	-
	-
	-
	-22
	-
	-22

	
	
	64 QAM
	-
	-
	-
	-23
	
	-23


For intra-band contiguous multi-carrier operation, maximum input level follows the requirement for single carrier.
Table 8.1.1-2: Maximum input level for intra-band contiguous multi-carrier for V2X UE
	Rx Parameter
	Units
	Modulation
	V2X Bandwidth Class

	
	
	
	A
	B
	C
	D
	E
	F

	Power in largest Transmission Bandwidth Configuration CC
	dBm
	16 QAM
	
	-22
	
	
	
	

	
	
	64 QAM
	
	-23
	
	
	
	

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

	
	
	64 QAM
	
	-23+ 10log(NRB,c /NRB,largest BW) 2
	
	
	
	


<End of Text Proposal>
Annex Simulation assumptions
Basic simulation assumption and parameters 
· PA operating point: UTRAACLR1 = 33 dBc @ Pout = 22 dBm for 100RB QPSK signal
· Channel BW : 10, 20, 10+10 MHz
· Modulation schemes : 64QAM
· Modulator impairments
· I/Q imbalance
: 25 dBc
· Carrier leakage: 25 dBc
· Counter IM3 : 60dBc
· Phase noise=[33] dBc
· Transceiver noise= [-29.5] dBc

ACLR requirement
Table 1: General requirements for E-UTRAACLR
	
	Channel bandwidth / E-UTRAACLR1 / Measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	E-UTRAACLR1
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB

	E-UTRA channel Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz

	Adjacent channel centre frequency offset [MHz]
	+1.4

/

-1.4
	+3.0

/

-3.0
	+5

/

-5
	+10

/

-10
	+15

/

-15
	+20

/

-20


Table 2: ACLR requirements for power class 2 V2X Communication
	
	Channel bandwidth / ACLR / Measurement bandwidth

	
	10 MHz
	20 MHz

	ACLR
	31 dB
	31 dB

	E-UTRA channel Measurement bandwidth
	9.0 MHz
	18 MHz

	Adjacent channel centre frequency offset [MHz]
	+10

/

-10
	+20

/

-20


Table 3: General requirements for CA E-UTRAACLR
	
	CA bandwidth class / CA E-UTRAACLR / Measurement bandwidth

	
	CA bandwidth class B, C and D

	CA E-UTRAACLR
	30 dB

	CA E-UTRA channel Measurement bandwidth
	BWChannel_CA - 2* BWGB

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA
/

- BWChannel_CA


Table 4: Requirements for UTRAACLR1/2
	
	CA bandwidth class / UTRAACLR1/2 / measurement bandwidth

	
	CA bandwidth class B, C and D

	UTRAACLR1
	33 dB

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA /2 + BWUTRA/2

/

- BWChannel_CA / 2 - BWUTRA/2

	UTRAACLR2
	36 dB

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA /2 + 3*BWUTRA/2

/

- BWChannel_CA /2 – 3*BWUTRA/2

	CA E-UTRA channel Measurement bandwidth
	BWChannel_CA - 2* BWGB

	UTRA 5MHz channel Measurement bandwidth (NOTE 1)
	3.84 MHz

	UTRA 1.6MHz channel measurement bandwidth (NOTE 2)
	1.28 MHz

	NOTE 1:
Applicable for E-UTRA FDD co-existence with UTRA FDD in paired spectrum.

NOTE 2:
Applicable for E-UTRA TDD co-existence with UTRA TDD in unpaired spectrum.


General SEM requirement
Table 5: General SEM for V2X UE
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15
	-18
	-20
	-21
	30 kHz

	( 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13
	-13
	1 MHz

	( 10-15
	
	
	
	-25
	-13
	-13
	1 MHz

	( 15-20
	
	
	
	
	-25
	-13
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


Table 6: General E-UTRA CA spectrum emission mask for Bandwidth Class B

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+50RB

(14.95 MHz)
	50RB+50RB

(19.9 MHz)
	Measurement bandwidth

	( 0-1
	-20
	-21
	30 kHz

	( 1-5
	-10
	-10
	1 MHz

	( 5-14.95
	-13
	-13
	1 MHz

	( 14.95-19.90
	-25
	-13
	1 MHz

	( 19.90-19.95
	-25
	-25
	1 MHz

	( 19.95-24.90
	
	-25
	1 MHz


General SE requirement
Table 7: General SE for V2X UE

	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz
	1

	12.75 GHz - 26 GHz
	-30 dBm
	1 MHz
	2

	NOTE 1:
Applies for Band 22, Band 42 and Band 43.
NOTE 2:
Applies for Band 47.


EVM requirement
Table 8: Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	64 QAM 
	%
	8
	8
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