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1 Introduction
64QAM over PC5 is introduced in V2X phase 2 and initial simulation assumptions and results for MPR requirements were provided in [1]. EVM requirement was provided as below:
EVM requirement
Table 8: Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	64 QAM 
	%
	8
	8


For 64QAM, EVM becomes a bottle neck to determine the MPR requirement. In previous UL 64QAM study in [2], EVM requirement was divided into each contributor and PA contributed 4% EVM.
	Tx EVM contributor
	EVM

	PA
	4%

	Transceiver
	-29.5 dB

	Phase noise
	-33 dBc

	IQ imbalance
	-25 dBc


This contribution provides further simulation results based on above principle (PA 4% EVM) for V2X sidelink 64QAM and the TP for TR 36.788 as well.
2 Discussion

2.1 MPR for single carrier for power class 3
Simulation results for single carrier power class 3 can be found in Figure 1 for both PSD offset between PSCCH and PSSCH. As observed in the figure, MPR has a little bit larger value for PSD offset 3dB than PSD offset 0dB between PSCCH and PSSCH, so the left simulation results are provided only for the case with PSD offset 3dB and the MPR can be applied for both cases.
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Figure 1 MPR simulation results for 64QAM for single carrier power class 3
Based on the simulation results above and previous simulation results in [1, 2], for contiguous allocation of PSCCH and PSSCH simultaneous transmission, 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
	

	64 QAM
	
	
	
	-
	
	-
	≤ 31

	Note 1: This requirement applies for both PSD offset 0dB and 3dB between PSCCH and PSSCH.


Based on above simulation results for PA 4% EVM and previous simulation results in [1, 2], for non-contiguous allocation of PSCCH and PSSCH simultaneous transmission, the allowed MPR for the maximum output power shall be as specified as follows 
MPR = CEIL {MA, 0.5}

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

MA =
4.5

         ; 0.00< A ≤ 0.2

5.25 –3.75A

; 0.2< A ≤0.6
3.0




; 0.6< A ≤1.00

Where


A = NRB_alloc / NRB.
CEIL{MA, 0.5} means rounding upwards to closest 0.5dB.
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 for single carrier power class 2

Based on the simulation results and previous simulation results in [1, 2], for contiguous allocation of PSCCH and PSSCH simultaneous transmission, 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
	

	64 QAM
	
	
	
	-
	
	-
	≤ 31

	Note 1: This requirement applies for both PSD offset between PSCCH and PSSCH.


Based on above simulation results for PA 4% EVM and previous simulation results in [1, 2], for non-contiguous allocation of PSCCH and PSSCH simultaneous transmission, the allowed MPR for the maximum output power shall be as specified as follows 
MPR = CEIL {MA, 0.5}

Where MA is defined for QPSK, 16QAM and 64QAM as follows
For 10MHz channel bandwidth         MA =
4.5

          ; 0.0< A ≤ 0.2

7.5 – 15.0A

; 0.2< A ≤0.3

3.0



   ; 0.3< A ≤1.00
For 20MHz channel bandwidth         MA =
9.0

          ; 0.0< A ≤ 0.1

12.0 – 30.0A

; 0.1< A ≤0.3

3.0



   ; 0.3< A ≤1.00

Where


A = NRB_alloc / NRB.


        CEIL{MA, 0.5} means rounding upwards to closest 0.5dB.
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 and previous simulation results in [1, 2], 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
5.25 – 2.5A

; 0.2 ≤ A < 0.6
3.5


      ; 0.6≤ A ≤ 1,

2.4 A-MPR for 64QAM
For A-MPR, since it is decided by the ASE, ASEM rather than EVM, so current requirements are also applied with the increased MPR for 64QAM. This principle is also applicable for V2X. Therefore, A-MPR requirements in current specification should be unchanged for sidelink 64QAM.
3 Conclusion
This contribution discusses requirements for sidelink 64QAM and corresponding TP is provided as below.
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Text Proposal for TR 36.788 v0.2.0
<Start of Text Proposal>
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
	
	
	
	-
	
	-
	≤ 3


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 shall be as specified as follows 
MPR = CEIL {MA, 0.5}

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

MA =
4.5

         ; 0.00< A ≤ 0.2

5.25 –3.75A

; 0.2< A ≤0.6
3.0




; 0.6< A ≤1.00

Where


A = NRB_alloc / NRB.
CEIL{MA, 0.5} means rounding upwards to closest 0.5dB.

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
	
	
	
	-
	
	-
	≤ 3


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 shall be as specified as follows 
MPR = CEIL {MA, 0.5}

Where MA is defined for QPSK, 16QAM and 64QAM as follows
For 10MHz channel bandwidth         MA =
4.5

          ; 0.0< A ≤ 0.2

7.5 – 15.0A

; 0.2< A ≤0.3

3.0



   ; 0.3< A ≤1.00
For 20MHz channel bandwidth         MA =
9.0

          ; 0.0< A ≤ 0.1

12.0 – 30.0A

; 0.1< A ≤0.3

3.0



   ; 0.3< A ≤1.00

Where


A = NRB_alloc / NRB.


        CEIL{MA, 0.5} means rounding upwards to closest 0.5dB.
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
5.25 – 2.5A

; 0.2 ≤ A < 0.6
3.5


      ; 0.6≤ A ≤ 1,







7.1.4 A-MPR for 64QAM
For A-MPR, since it is decided by the ASE, ASEM rather than EVM, so current requirements are also applied with the increased MPR for 64QAM. This principle is also applicable for V2X. Therefore, A-MPR requirements in current specification should be unchanged for sidelink 64QAM.
<End of Text Proposal>
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