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1	Introduction 

In RAN1-91, it was agreed to conduct additional evaluations on MCS table/TBS scaling factor for supporting 64QAM on V2X sidelink and finalize principle defining MCS/TBS tables at RAN1-92 meeting [1]. 
 
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 discuss the evaluation results and present our views on the MCS/TBS table for supporting 64QAM on sidelink.  

2	Schemes to support 64QAM sidelink
There were a lot of discussions on the MCS/TBS table update to support 64QAM sidelink transmission and some potential schemes were provided e.g. the ones in references [3][4][5][6]. These MCS/TBS update schemes can be categorized into three options:
Option 1: Change MCS table only (i.e. no change for TBS table)
The schemes discussed in [3][4] belong to this option. In these schemes, the too high channel code rates (e.g. >0.931) are avoided by appropriately adjusting the switching point of the MCS table between QPSK and 16QAM and between 16QAM and 64QAM. This option only changes MCS table thus avoid the efforts to update the TBS table. However, the drawbacks of this option is obvious, that is, the high code rates for 64QAM still exist. In this case, those MCS indexes can work only if both the first transmission (RV0) and the retransmission (RV2) are received well. This seems an undesired requirement as in V2X transmissions, the receiver may only receive one transmission well due to e.g. half-duplex constraint or severe collision interference over one transmission. Additionally, in this option the transmission performance for single transmission with RV2 (e.g. RV0 is missed or collided severely) seems also an issue which is shown in the next section. 
Option 2: MCS table change + TBS scaling for partial TBS indexes (i.e. ITBS)
The schemes discussed in [5] (the case 2 and case 3 in appendix) belong to this option. The schemes tries to address the high code rate issue for QPSK/16QAM by adjusting the MCS table and the high code rate issue for 64QAM by scaling the TBS for all or partial TBS indexes associated with 64QAM. As discussed in [5], to get monotonic spectral efficiencies, different scaling factors could be used for different TBS indexes. However, the usage of the different TBS scaling factors seems somewhat irregular and increases standardization efforts. 
Additionally, the different scaling factor may lead to some potential issues. For example, for scaling factor of 0.90 and 0.85 for ITBS of 19 and 20, the TBSs of 3496 and 3752 corresponding to ITBS 19 and 20 for PRB  number 8 become the same (3176) after the scaling, considering the quantization requirement imposed by the internal interleaving code block size (shown in table 5.1.3-3 of TS36.212). This seems undesirable. 
Option 3: MCS table change + TBS scaling for all TBS indexes
The scheme discussed in [6] belongs to this option. In this scheme, it was proposed to implement the scaling by taking another column of the TBS table at the left of the original one in order to avoid change of the existing TBS table or adding a new TBS table in Rel-15. This addresses to some extent the potential issues of option 1 and option 2 discussed above. However, there are some other potential issues with this scheme: the calculation of the effective PRB number has relatively large bias from the target value especially for the small PRB numbers. For example, for the scaling factor of 0.7, the TBS at the column corresponding to 1 PRB are used for 2 PRBs (i.e. floor(2*0.7)=1), thus the actual scaling factor is 0.5, which has a relatively large bias from the target value 0.7. Additionally, in this scheme the TBSs corresponding to one PRB remain unchanged. Thus, if one PRB allocation is used, the high coding rate issue for 64QAM hasn’t been solved. 
Actually, another straightforward scheme of option 3 can be considered: define the calculation rule for TBS scaling so that the TBS scaling can be directly computed based on the rules. Considering the need to align with the code block size defined in table 5.1.3-3 of TS36.212, the TB sizes shown in table 7.1.7.2.1-1 in TS36.213 and the code block segmentation procedures defined in TS36.212, the calculation rule for TBS scaling can be defined as follows.

                                                                                                     (1)

                     (2)
where 

	     	     

			 denotes the TBS scaling factor less than or equal to one
                  TBS denotes the original transport block size
                  TBSnew denotes TBS after the scaling
                  [.] denotes operations rounding the input value to nearest integer


In (1)(2), the threshold values are determined according to the discrete values in 5.1.3-3 of TS36.212 together with the rounding range, e.g., 492 is derived from 512 plus L and subtracted by half of 8. The term denotes the TBS scaling factor which could be set to e.g. 2/3 to align with the 8 data symbols in V2X over 12 data symbols in LTE PUSCH (here the first symbol is assumed to be punctured for AGC). With the TBS scaling by (1) and (2), the high code rate issues could be solved to a large extent. On the other hand, considering the strict requirement in the specific V2X transmissions scenarios (e.g. the performance of single transmission with RV2), the relatively high code rates could be further reduced by slightly adjusting the MCS table shown below. 
Table 1: Legacy and new mappings between MCS index, TBS index, and modulation order
	
MCS Index
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	Legacy Mapping
	New Mapping

	
	Modulation Order
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	TBS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
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	0
	2
	0
	2
	0

	1
	2
	1
	2
	1

	2
	2
	2
	2
	2

	3
	2
	3
	2
	3

	4
	2
	4
	2
	4

	5
	2
	5
	2
	5

	6
	2
	6
	2
	6

	7
	2
	7
	2
	7

	8
	2
	8
	2
	8

	9
	2
	9
	2
	9

	10
	2
	10
	2
	10

	11
	4
	10
	4
	10

	12
	4
	11
	4
	11

	13
	4
	12
	4
	12

	14
	4
	13
	4
	13

	15
	4
	14
	4
	14

	16
	4
	15
	4
	15

	17
	4
	16
	4
	16

	18
	4
	17
	4
	17

	19
	4
	18
	4
	18

	20
	4
	19
	6
	18

	21
	6
	19
	6
	19

	22
	6
	20
	6
	20

	23
	6
	21
	6
	21

	24
	6
	22
	6
	22

	25
	6
	23
	6
	23

	26
	6
	24
	6
	24

	27
	6
	25
	6
	25

	28
	6
	26
	6
	26





3	Evaluation results on the potential schemes
Link level evaluations were made for the potential MCS table/TBS table updating scheme. The evaluations include three parts: 1) BLER at very high SNR; 2) spectral efficiency vs SNR (BLER=0.01); 3) comparison of PSCCH and PSSCH at the lowest MCS index. For the first two parts, the single reception with RV0 or RV2 were evaluated with the first SC-FDMA symbol punctured or unpunctured as discussed in [1][2]. While in part 3) evaluations, the single reception with RV0 and puncturing for 1st symbol was assumed. 
Four potential MCS table/TBS table updating schemes are involved in the evaluations, described as follows
· Scheme-1: the scheme discussed in [4] which belongs to the option-1 type discussed above.
· Scheme-2: the scheme discussed in [5] (the case 3 in the appendix) which belongs to the option-2 type discussed above.
· Scheme-3: the scheme discussed in [6] (with new MCS table and 0.7 TBS scaling) which belongs to the option-3 type discussed above. 
· Scheme-4: the scheme discussed in section 2 with TBS scaling rules (1)(2) (with scaling factor 2/3) and the slightly modified MCS table shown in Table 1. 
The four schemes were simulated in the evaluation part 1) and only scheme-4 was simulated in evaluation part 2) and 3). Constrained by the large simulation cases, only AWGN channel was used in the evaluation part 1) and 2) for all the MCS indexes over 8 and 18 PRBs. The fading channel of UMi NLOS with relative speeds of 30kmph and 120kmph was used in the evaluation part 3) for comparison of PSCCH and PSSCH (with MCS0, 8 PRBs, RV0 and first symbol punctured). The detailed simulation conditions are listed in appendix.  
Evaluation part 1: BLER at very high SNR
In this evaluation part, all the four MCS/TBS updating schemes mentioned above were simulated with AWGN channels at 30dB SNR. The evaluation results are shown in Figure 1~Figure 4 corresponding to the four schemes respectively. In the figures, green and red points respectively represent BLER=0 and 1 and blue points means 0 < BLER < 1. 
From the results of BLER at high SNR, we can get the following observations:
Observation 1: A relatively large number of MCS indexes (that have relatively large coding rates) cannot work for RV2 only reception in the simulated Scheme-1 and Scheme-2, while in Scheme-3 and Scheme-4, the number of such problematic MCS indexes reduces largely. 
Observation 2: The performance of Scheme-4 is similar to Scheme-3 for RV0 only reception, while for RV2 only reception, Scheme-4 has better performance than Scheme-3. 
Note that in Scheme-3, the effective scaling factor is about 0.625 and 0.667 for PRB number of 8 and 18 respectively, although the nominal scaling factor is 0.7. In Scheme-4, the used scaling factor is 0.667 for both PRB numbers. Thus for same MCS index, the spectrum efficiency of Scheme-3 is generally lower than (in case of 8 PRBs) or similar to the Scheme-4 (in case of 18 PRBs) in the simulations. 
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Figure 1: Results of scheme 1 single reception with RV0 orRV2
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Figure 2: Results of scheme 2 single reception with RV0 orRV2
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Figure 3: Results of scheme 3 single reception with RV0 orRV2
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Figure 4: Results of scheme 4 single reception with RV0 orRV2

Evaluation part 2: spectral efficiency vs SNR (BLER=0.01)
Scheme-4 was evaluated for the spectral efficiency vs the required SNR for BLER 0.01 under the AWGN channel. The results are shown in Figure 5~8 for 8 and 18 PRBs and RV0 only and RV2 only receptions. In the results of each figure, two cases were simulated, one with the first SC-FDMA symbol punctured and the other unpunctured. Note that for the MCS indexes with modulation switching, the spectral efficiency is the same while the required SNRs are generally different. The lower SNRs (i.e. with lower coding rate and higher modulation order) are used in the figures of CDF of delta SNR. 
From the results, we can get the following observations
Observation 3: In Scheme-4, the required SNR for BLER of 0.01 is monotonic with the spectral efficiency of the MCS schemes in most cases. The puncturing of the first symbol leads to higher required SNRs especially for relatively high spectral efficiencies. The monotonic relationship between SNR and spectral efficiency may be destroyed to some extent by the puncturing of the first symbol in some special case. 

[image: ][image: ]
Figure 5: Result with RV0 over 8 PRBs (left: SE vs. SNR; right: CDF of delta SNR)
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Figure 6: Result with RV0 over 18 PRBs
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Figure 7: Result with RV2 over 8 PRBs
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Figure 8: Result with RV2 over 18 PRBs

Evaluation part 3: Comparison of PSCCH and PSSCH at the lowest MCS index
For the scheme with TBS scaling for all the TBS indexes, there may be a concern that the performance of PSSCH with low spectral efficiency is even better than PSCCH performance which is undesirable for the practical operations. To clarify this issue, link level simulations were made to compare the performance of PSCCH and PSSCH with the lowest MCS index (i.e. MCS0) and TBS scaling as per Scheme-4. The simulation results are shown in Figure 9. From the results, we can see that the PSSCH has better performance than PSCCH by about 1.5~2.0dB. However, it should be noted that as per the V2X specifications, the PSCCH has a power boosting of 3dB in transmit power per PRB in comparison with PSSCH. With the 3dB power boosting taken into account, the PSCCH still has better link performance than PSSCH with the lowest MCS index. 

Observation 4: With the power boosting of 3dB for PSCCH over PSSCH taken into account, the PSCCH has better link performance than the PSSCH in the lowest MCS index with the TBS scaling of Scheme-4.

[image: ]



5	Conclusion
This paper discussed the evaluation results for the potential MCS/TBS table updating schemes for V2X PSSCH. In the evaluations, four potential MCS/TBS table updating schemes were involved and the following observations and proposal are obtained from the evaluation results.

Observation 1: A relatively large number of MCS indexes (that have relatively large coding rates) cannot work for RV2 only reception in the simulated Scheme-1 and Scheme-2, while in Scheme-3 and Scheme-4, the number of such problematic MCS indexes reduces largely. 
Observation 2: The performance of Scheme-4 is similar to Scheme-3 for RV0 only reception, while for RV2 only reception, Scheme-4 has better performance than Scheme-3.
Observation 3: In Scheme-4, the required SNR for BLER of 0.01 is monotonic with the spectral efficiency of the MCS schemes in most cases. The puncturing of the first symbol leads to higher required SNRs especially for relatively high spectral efficiencies. The monotonic relationship between SNR and spectral efficiency may be destroyed to some extent by the puncturing of the first symbol in some special case.
Observation 4: With the power boosting of 3dB for PSCCH over PSSCH taken into account, the PSCCH has better link performance than the PSSCH in the lowest MCS index with the TBS scaling of Scheme-4.

Proposal 1: To enable support of 64QAM and optimized link performance for sidelink, the TBS scaling with constant scaling factor e.g. 0.6667 as shown in Equation (1)(2) together with the adjusted MCS table (e.g. shown in Table 1) could be used. 
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Appendix A
In this section, we provide simulation parameter setting of the link level simulations in this paper.

	Parameters
	Values

	Carrier frequency
	6.0 GHz

	V2V packet size
	300 bytes

	Resource allocation
	8 PRBs, 18 PRBs for evaluation part 2) and 3)
All possible PRB numbers for evaluation part 1)

	MCS/TBS table
	Four potential schemes (refer to section 3 for details)

	Antenna numbers
	1 TX single port
2 RX antennas with MMSE-MRC for detection

	Number of TTI
	1 TTI
with RV0 or RV2 for evaluation part 1) and 2)
with RV0 for evaluation part 3)

	PSCCH/PSSCH
	PSSCH as per the used MCS/TBS tables with RV0 (for evaluation part 3) and RV0 or RV2 (for evaluation part 1 and 2)
PSCCH: 48 bits including 16 CRC bits, with 3dB PSD boosting for PSCCH over PSSCH

	Puncturing assumption for the 1st symbol
	Puncturing or unpuncturing for evaluation part 1) and 2)
Puncturing for evaluation part 3)

	Channel model
	AWGN channel for evaluation part 1) and 2)
Fading channel of UMi NLOS with relative speed of 30kmph and 120kmph for evaluation part 1)

	Timing/frequency offset
	No time and frequency offset for TX, but RX assumes its estimation and compensation

	Channel estimation method
	Practical, including
Half-symbol based timing/frequency synchronization,
LMMSE channel estimation in frequency and linear interpolation in time
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