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Introduction
In the RAN1#91 meeting [1] of eV2X, the following agreements were achieved for supporting 64QAM modulation scheme.
	[bookmark: _GoBack]Agreement
· Conduct additional evaluation to determine required modification for MCS table and TBS scaling factor in R15 using the following criteria:
· PSSCH spectrum efficiency vs SNR performance (where SNR is defined at 1% BLER)
· PSSCH low data rate considerations. Balanced performance between PSCCH and PSSCH at low MCS indexes
· Granularity of SNR difference between adjacent PSSCH spectrum efficiency points (CDF of delta SNR)
· Peak spectral efficiency in case of retransmission
· Spectrum efficiency vs SNR for RV2 only reception
· Conduct additional link level evaluations using assumptions in Section 3 in R1-1721250.
· New MCS table should not have problematic MCS indexes in case of 2 TTI transmissions (i.e. reception of RV0 and RV2) assuming that puncturing is applied to the first symbol of initial transmission and retransmission.

Agreement
· RAN1 agrees to finalize principle defining MCS/TBS tables at the RAN1 #92 meeting


In this contribution, we will further discuss about the remaining issues of 64QAM modulation scheme in eV2X.
Discussion
2.1 Demodulation Performance
In this section, we present our evaluation results on the throughput performance of different modulation schemes including QPSK, 16QAM and 64QAM under relative speed of 30km/h and 120km/h. In order to find out the proper MCS switching point, we compare QPSK and 16QAM under the same MCS indexes 8, 9 and 10. In Figure 1a and 1b, the red curves represent QPSK modulation and blue curves represent 16QAM. For QPSK, when SNR is lower than 10dB (Figure 1a), lower MCS index has better performance than higher MCS index, e.g. MCS 8 is better than MCS 9, MCS 9 is better than MCS 10. By calculation, the code-rates of these three MCS indexes are 0.63, 0.73 and 0.8, respectively. When SNR is getting higher than 10dB, the throughput of MCS 10 becomes better than MCS 8 and 9. Therefore, from MCS10, the modulation should be switched from QPSK to 16QAM. The same situation is shown in Figure 1b at SNR in 12dB. In Figure 2a and 2b, the comparison is between 16QAM and 64QAM at same MCS indexes. For 16QAM of MCS 16 to 20, the code-rates are calculated as 0.72, 0.75, 0.83, 0.9 and 1.0, respectively. It can be seen that 16QAM at MCS 18, 19 and 20 all have zero throughput. Therefore, at least from MCS 18, the modulation scheme should be switched from 16QAM to 64QAM. The simulation parameters can be found in the Appendix and according to [5].
Observation 1: For QPSK, the throughput is getting worse when code-rate is higher than 0.7; for 16QAM, the throughput is getting to zero when the code-rate is higher than 0.75.
[image: ]
Figure 1a. Throughput of QPSK and 16QAM for relative speed 30km/h
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Figure 1b. Throughput of QPSK and 16QAM for relative speed 120km/h
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Figure 2a. Throughput of 16QAM and 64QAM for relative speed 30km/h
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Figure 2b. Throughput of 16QAM and 64QAM for relative speed 120km/h

2.2 TBS table issue analysis
In the R8 LTE, the MCS table and relative TBS table were established for Uplink transmission. Within a PUSCH subframe, only 2 symbols are used for DMRS. However, for a PSSCH subframe of LTE-V2X, 8 out of 14 SC-FDMA symbols are available for decoding, while in the rest symbols 4 for DMRS, 1 for Automatic Gain Control (AGC) and 1 for GP. The overhead has been increased to 6/14, which results in high code-rate for high MCS indexes, e.g. MCS 25-28. When the first symbol (AGC) is not counted, 8 symbols among 10 usable symbols in a subframe are available. The receiver side may suffer decoding failure with discontinuous symbols since the first symbol has been punctured.
In the previous meeting, some companies has proposed some MCS table modification suggestions in [2][3][4] based on their evaluation and analysis. In this contribution, we also present our evaluation results and analysis. In Figure 3, 4, 5 and 6 for single transmission, the simulation is done to check successful transmitted and received blocks numbers based on the Rel-14 MCS table and suggested MCS tables by other companies. The red blocks means all of the transmissions were failed (BLER=1), while the yellow blocks means only part of the transmissions were failed (0<BLER<1). The blank blocks means fully successful transmission (BLER=0). In Figure 3a for Rel-14 MCS table, the problematic TBS blocks are mainly at modulation switching points (e.g. MCS 10, 19 and 20) and high MCS (e.g. 25-28). The amount of problematic TBS is very high. The results in Figure 4a, 5a and 6a evaluated three different modified MCS tables with different switching point. By changing the switching point, it can be seen that many of the problematic TBS have been solved. However, for high MCS indexes of 25-28, the problematic TBS caused by high code-rate can be not eliminated.
Observation 2: MCS table modification can help to solve part of the problematic TBS issue.
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Figure 3a. Rel-14 MCS-TBS without scaling        Figure 3b. Rel-14 MCS-TBS with scaling factor=0.7
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(a) No scaling                               (b) scaling factor=0.9
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(c) Scaling factor=0.8                                (d) Scaling factor=0.7
Figure 4. Rel-15 MCS1-TBS with/without scaling factor
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Figure 5a. Rel-15 MCS2-TBS without scaling       Figure 5b. Rel-15 MCS2-TBS with scaling factor=0.7
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Figure 6a. Rel-15 MCS3-TBS without scaling       Figure 6b. Rel-15 MCS3-TBS with scaling factor=0.7

2.3 MCS-TBS table scaling
In order to solve the problematic TBS blocks, another method was proposed to scale down the current TBS. By scaling down the TBS, a scaling factor () should be selected for the entire MCS-TBS table. In Figure 7, 8 and 9, the simulation results show the measurement on different scaling factor for QPSK, 16QAM and 64QAM modulation schemes. Scaling factor  =1, 0.9, 0.8 and 0.7 have been selected for measurement, while scaling factor 1 means no scaling down to the TBS. From Figures 3b, 4b, 4c, 4d, 5b and 6b, most of the problematic TBS have been eliminated, and only few TBS cannot be decoded correctly. However, when scaling factor is less than 1, the system performance will be degraded, as the results shown in Figure 7, 8 and 9, the throughput are clearly degraded with the TBS scaling down.
Observation 3: A scaling factor less than 1 can eliminate most of the problematic TBS. Meanwhile, the throughput is degraded.
For single transmission, all of the transmitted blocks are failure for MCS 25-28. Scaling down the whole MCS-TBS with a factor  can eliminate most of the failed decoded blocks. However, when a scaling factor is used on the whole MCS-TBS, the throughput performance is degraded. Based on our analysis of the simulation results on the problematic TBS, without scaling and MCS25-28, only use the modified MCS table can also applicable for the three modulation schemes. Therefore, for the new MCS table, by excluding MCS 25-28, the rest of the MCS indexes can be used for modulation. The proposed new MCS table can be found as Table 2 in the ANNEX. 
Proposal 1: In the new MCS table, the modulation should be switched from QPSK to 16QAM at least from MCS 10; the modulation should be switched from 16QAM to 64QAM at least from MCS 18.
Proposal 2: For single transmission, MCS 25-28 should be excluded from the new MCS table.
Proposal 3: The Table 2 in ANNEX should be considered as the new MCS table, and no scaling is needed.
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Figure 7. Throughput of QPSK at MCS 10 for relative speed 30km/h
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Figure 8. Throughput of 16QAM at MCS 10 for relative speed 30km/h
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Figure 9. Throughput of 64QAM at MCS 20 for relative speed 30km/h
Conclusion
In this contribution, further discussion and analysis based on the simulation results and agreements in the last meeting were given, and this contribution provides the following observations and proposals:
Observation 1: For QPSK, the throughput is getting worse when code-rate is higher than 0.7; for 16QAM, the throughput is getting to zero when the code-rate is higher than 0.75.
Observation 2: MCS table modification can help to solve part of the problematic TBS issue.
Observation 3: A scaling factor less than 1 can eliminate most of the problematic TBS. Meanwhile, the throughput is degraded.
Proposal 1: In the new MCS table, the modulation should be switched from QPSK to 16QAM at least from MCS 10; the modulation should be switched from 16QAM to 64QAM at least from MCS 18.
Proposal 2: MCS 25-28 should be excluded from the new MCS table.
Proposal 3: The Table 2 in ANNEX should be considered as the new MCS table, and no scaling is needed.
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ANNEX: Link level evaluation assumptions
Table 1. Link level simulation parameters
	Parameter
	

	System bandwidth
	10MHz, 20 MHz

	Subcarrier spacing
	15 kHz

	FFT size
	1024

	Carrier frequency
	5.9 GHz

	Number of TTI
	1

	Channel
	PSSCH

	Channel model
	IMT-Advanced

	Vehicle relative speed
	30, 120 km/h

	CP type
	Normal

	Modulation
	QPSK, 16QAM, 64QAM

	Number of PRB
	8

	Rate Matching
	9 OFDM symbols

	AGC Assumption
	The 1st symbol is punctured

	GP
	The last symbol is used as GP



Table 2. MCS Table designing proposal
	MCS Index
[image: ]
	Modulation Order
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	TBS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	 2  4
	 10  9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	 18
	 4  6
	 17  16

	19
	 4  6
	 18  17

	20
	 4  6
	 19  18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26
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