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1.  Introduction 

In RAN#75, the objectives for LTE V2X Phase 2 have been specified and 64QAM is within the scope of the WI [1].  In RAN1#88bis, there are some contributions submitted about the introduction of 64QAM but there are no conclusions [2] ~ [4].  In RAN1#89, there are some contributions submitted about modifying TBS table [5][6]. In this contribution, we provide our simulation results about 64QAM for LTE V2X Phase 2 and some observations and proposals regarding to how to support 64QAM for V2X Phase 2.
2.  Link-Level Simulation and Observations
2.1 Simulation Assumptions
The parameters and assumptions used for the link level simulation are provided in Table I as follows.
Table I. Parameter setting of link level simulation
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS/LOS

	Antenna configuration
	1 antenna @ transmitter
2 antenna @ receiver

	UE relative speed
	{15,60,120,250} km/h

	Frequency offset estimation
	FFO (Fractional carrier Frequency Offset) estimation

	Channel estimation 
	MMSE

	TBS
	2600bits

	Simulation Time
	15000 TTI


2.2 Simulation Results
2.2.1 BLER vs. SNR with frequency offset estimation

The simulation results for different V2X UE speed are provided in Figure 1, 2, 3, and 4 respectively.  

In Figure 1, the V2X UE speed is 15km/h. It can be observed that for single transmission, the BLER is around 0.09 when SNR value is 17.5 dB.  With multiple transmissions e.g. 4, BLER can be decreased to around 0.001. Similar pattern could be observed in Figure 2~4. 
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Figure 1. BLER v.s. SNR with V-UE Speed as 15kmh
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Figure 2. BLER v.s. SNR with V-UE Speed as 60kmh
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Figure 3. BLER v.s. SNR with V-UE Speed as 120kmh
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Figure 4. BLER v.s. SNR with V-UE Speed as 250kmh
From the simulation results, we have the following observations:
From the simulation result in Figure1~4, for single transmission, 64QAM cannot achieve the BLER accuracy of 0.001 at high speeds with the current V2X physical layer design. When multi-transmission mechanisms are introduced, the BLER can reach the accuracy of 0.001 without relative high SNR. 
Observation 1: For single transmission, 64QAM cannot achieve the BLER accuracy of 0.001 at high speeds with the current V2X physical layer design.  With multi-transmission, the link-level performance of PSSCH based on 64QAM modulation can be improved. 
2.2.2 Modification to MCS and TBS table for 64QAM
In R14, TBS table was designed assuming fixed overhead which is high to 6/14(4 DMRS, 1 GAP symbol, and 1 AGC symbol). It leads to an effective code rates lager than 0.931 for multiple MCSs which means that multiple MCSs are unusable.  Scaling the TBS table should be considered to solve this problem. In Table II, MCSs are larger than 0.931when MCS indexes are from 18 to 20 and from 24 to 28. 
Observation 2: In R14, effective code rates are larger than 0.931 for multiple MCSs. 

In order to satisfy the monotonicity of spectral efficiency vs MCS, it can be considered to increase the spectral efficiency evenly from MCS 18 to 20, MSC 21 to 28. Then justify whether the corresponding code rates are smaller than 0.931 or not. In fact, the code rate is undesirable for MSC 20. So, changing the switching point from 16QAM to 64QAM to MCS 20 could be introduced. The result of modifying MCS and TBS table is shown in Table III. Moreover, TBS is changed to 3121 when TBS Index is 26 and PRB is 5.
Proposal: Modifying the MCS and TBS table as Table III, moreover, TBS size is changed to 3121 when TBS Index is 26 and PRB is 5.
Table II. Legacy MCS and TBS table
	MCS Index
	TBS Index
	TBS
	Modulation order
	Code rate
	Efficiency

	0
	0
	152
	2
	0.1528 
	0.3056 

	1
	1
	208
	2
	0.2014 
	0.4028 

	2
	2
	256
	2
	0.2431 
	0.4861 

	3
	3
	328
	2
	0.3056 
	0.6111 

	4
	4
	408
	2
	0.3750 
	0.7500 

	5
	5
	504
	2
	0.4583 
	0.9167 

	6
	6
	600
	2
	0.5417 
	1.0833 

	7
	7
	712
	2
	0.6389 
	1.2778 

	8
	8
	808
	2
	0.7222 
	1.4444 

	9
	9
	936
	2
	0.8333 
	1.6667 

	10
	10
	1032
	2
	0.9167 
	1.8333 

	11
	10
	1032
	4
	0.4583 
	1.8333 

	12
	11
	1192
	4
	0.5278 
	2.1111 

	13
	12
	1352
	4
	0.5972 
	2.3889 

	14
	13
	1544
	4
	0.6806 
	2.7222 

	15
	14
	1736
	4
	0.7639 
	3.0556 

	16
	15
	1800
	4
	0.7917 
	3.1667 

	17
	16
	1928
	4
	0.8472 
	3.3889 

	18
	17
	2152
	4
	0.9444 
	3.7778 

	19
	18
	2344
	4
	1.0278 
	4.1111 

	20
	19
	2600
	4
	1.1389 
	4.5556 

	21
	19
	2600
	6
	0.7593
	4.5556

	22
	20
	2792
	6
	0.8148
	4.8889

	23
	21
	2984
	6
	0.8704
	5.2222

	24
	22
	3240
	6
	0.9444
	5.6667

	25
	23
	3496
	6
	1.0185
	6.1111

	26
	24
	3624
	6
	1.0556
	6.3333

	27
	25
	3752
	6
	1.0926
	6.5556

	28
	26
	4392
	6
	1.2778
	7.6667


Table III. Part of modified MCS and TBS table
	MCS Index
	TBS Index
	TBS
	Modulation order
	Code rate
	Efficiency

	18
	17
	1992
	4
	0.8750
	3.5000

	19
	18
	2055
	4
	0.9024
	3.6094

	20
	18
	2055
	6
	0.6016
	3.6094

	21
	19
	2600
	6
	0.7593
	4.5556

	22
	20
	2792
	6
	0.8148
	4.8889

	23
	21
	2984
	6
	0.8704
	5.2222

	24
	22
	3018
	6
	0.8802
	5.2813

	25
	23
	3053
	6
	0.8903
	5.3420

	26
	24
	3087
	6
	0.9002
	5.4010

	27
	25
	3121
	6
	0.9100
	5.4601

	28
	26
	3156
	6
	0.9201
	5.5208


3. Conclusions
In this contribution, we provide link-level simulation results for V2X with 64 QAM and modified MCS and TBS table. Based on these simulation results, we have the following observations:
Observation 1: For single transmission, 64QAM cannot achieve the BLER accuracy of 0.001 at high speeds with the current V2X physical layer design.  With multi-transmission, the link-level performance of PSSCH based on 64QAM modulation can be improved. 
Observation 2: In R14, effective code rates are larger than 0.931 for multiple MCSs. 

Proposal: Modifying the MCS and TBS table as Table III, moreover, TBS size is changed to 3121 when TBS Index is 26 and PRB is 5.
4. References

[1] RP-170798 New WID on 3GPP V2X Phase 2, Huawei, CATT, LG Electronics, HiSilicon, China Unicom
[2] Draft Report of 3GPP TSG RAN WG1#88bis
[3] R1-1705000 Support of 64-QAM for 3GPP V2X Phase 2, Qualcomm Incorporated
[4] R1-1705113 Discussion on supporting 64QAM for R15 sidelink, Huawei, HiSilicon
[5] R1-1707301 Support of higher order modulations for LTE V2V sidelink communication, Intel corporation
[6] R1-1707906 High order modulation in V2X, Samsung
[7] R1-1708787 Support of 64-QAM for 3GPP V2X Phase 2, Qualcomm Incorporated
