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Introduction
At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved with the following RAN1 objectives [1]:
	The detailed objectives of this work item are as follows:
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;


Furthermore, during the RAN1#91, the following agreements were reached to provide the support of enhanced demodulation for sidelink V2V communication [2] based on the summary of the offline discussions in [3]:
	RAN#91 Agreements
· 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 [3].
· 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.
· RAN1 agrees to finalize principle defining MCS/TBS tables at the RAN1 #92 meeting


In our initial contribution to RAN1#91[4], we provided a methodology and a criteria to design new MCS tables including a TBS scaling factor. Moreover, we have provided results for all possible MCS-NPRB combinations to evaluate all problematic MCS indexes for various MCS tables with and without scaling, assuming one TTI reception for RV0 or RV2 only demodulation. We have concluded that the combination of the newly proposed MCS table with TBS scaling considerably reduces the number of problematic MCS indexes.
In this contribution, we present a comprehensive link level analysis following the criteria and assumptions according to the agreements of RAN1#91, which resulted from offline discussions. Moreover, we discuss different design considerations on a new MCS table with and without scaling. Our views and proposals on the other V2V enhancements are provided in our companion contributions [5]-[9].
Design Considerations for new MCS Table and TBS Scaling
The LTE-V2V communication performance can be limited by ICI and channel estimation error. The following design considerations can be considered. The LTE Rel. 14 transport block size (TBS) table was designed assuming fixed implementation overhead in terms of amount of REs used for channel estimation per PRB. For LTE Rel. 8, there were two DMRS symbols per UL subframe, which resulted in two out of 14 symbols as overhead for channel estimation. In Rel. 14, the overhead was increased to six out of 14 (four DMRS symbols, one gap symbol, and one symbol for AGC settling time). The large overhead resulted in a higher effective code rates (CRs) for all MCS indexes (some CRs are even higher than 1). In order to avoid this issue, a new TBS table with reduced TBS sizes can be designed or the existing TBS can be scaled down to take into account the overhead. If we consider that in some cases a fast AGC or a large dynamic receiver is available, we can estimate the number of OFDM symbols for data transmission to be 8.5. By recalling that the original MCS table was designed assuming 12 OFDM symbols, the scaling of the TBS should be around

This can be achieved by either completely changing the MCS table or by TBS scaling. 
Observation 1
· Considering the different overhead of the systems, the TBS should be scaled by ~0.7. This can be implemented by TBS scaling and/or changing MCS/TBS table entries. 

Scaling of the TBS has the following advantages over only changing the MCS indexes:
· Enabling QPSK MCS with lower CR than the lowest in the current Table. This has the advantages of increasing the range or reliability when used. 
· Enabling more fine granular changes of the CR from one entry of the MCS table to the next. 
In order to avoid a change in the TBS table 7.1.7.2.1-1 in 3GPP 36.213 [10] from LTE R14 or to add a new TBS table in LTE Rel. 15, we can implement the scaling by reducing the number of PRBs allocated. This means that we take another column of the TBS table at the left of the original one in a similar way as specified for LAA.
To calculate the new number of PRBs, let us call  the TBS scaling factor. We call the new number of PRB as  that is defined as
,
where  is the original total number of allocated PRBs according to 7.1.6 from 3GPP 36.213 [10] LTE R14.
The MCS table modifications proposed at the last meeting do not sufficiently address all design considerations but only partially resolve the problem. If we consider the MCS table proposed in [11] we see that still many problematic MCS indexes remain (see Figure 3 in [4]). In addition the CR in MCS 8, 9, 16, 17 is still too high to deliver good performance. The same holds with the design in [12]. The only difference is that MCS 10 is still using QPSK. This has the effect that there is an additional MCS with bad MCS and a very high coding rate. We see that there are a lot of high rate MCS indexes, which are not usable if the UE does only receive in one TTI. Considering the main use case category for LTE-V2V is road safety, i.e. highly reliable communications, in contrast to mobile broadband, it is of benefit to invest into lower CR QPSK entries to increase reliability. 
Observation 2
· Previous proposals to modify MCS table still have entries with problematic MCS indexes.
[bookmark: _Ref473567845]PSSCH Performance Evaluation
PSSCH vs. PSCCH Performance Considerations
In this section, we analyze and compare the link level performance between PSCCH and PSSCH with the lowest MCS index, i.e. with the lowest data rate and maximum reliability of MCS0. It is typically desired to have some gap between the PSCCH and PSSCH, i.e. PSCCH should perform better than PSSCH for 1 to 2 dB to facilitate its demodulation and reduce overall complexity. The simulation parameters employed can be found in Table 1, Annex A, and follow the assumptions made in Section 3 in [3].
Figure 1 shows the BLER performance of PSCCH and PSSCH with MCS0 for AWGN channel and various simulation parameters, such as two different PRB allocations, with and without TBS scaling, and for Case 1 (8 OFDM symbols) or Case 2 (9 OFDM symbols) receptions .
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[bookmark: _Ref506337431][bookmark: _Ref506458879]Figure 1 - PSCCH vs. PSSCH BLER performance for AWGN channel
In Figure 1, we can observe that there is significant performance imbalance between PSSCH with MCS0 and PSCCH if no TBS scaling is applied. The gap in performance reaches more than 3 dBs for 8 and 2.5 dB for 18 PRBs at 1% BLER. After TBS scaling is applied the gap reduces to around 1.5 dB for both PRB allocations. A small gap decrease of around 0.3 dB is observed for Case 2, i.e. 9 OFDM symbols are demodulated instead of only 8 (Case 1), with and without TBS scaling.
In Figure 2, the BLER performance of PSCCH and PSSCH is depicted for NLOS channel, 120 km/h and also for various simulation parameters.
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[bookmark: _Ref506369886]Figure 2 - PSCCH vs. PSSCH BLER performance for NLOS channel and 120 km/h
We can observe in Figure 2 that the gap between PSCCH and PSSCH is even larger for NLOS channel with 120 km/h. The gap reaches 4 dB for 8 PRBs and slightly less for 18 PRBs if no TBS scaling is applied. The gap is reduced in 2 dBs when the TBS scaling is applied. In Annex B the results for NLOS and 30 km/h are presented and similar observations regarding the performance gaps can be made.
Base on the results presented in this subsection we can make the following observations
Observations 3
· A performance gap of up to 4 dB can be observed between PSCCH and PSSCH for MCS0 if no TBS scaling is applied. 
· If a TBS scaling of 0.7 is applied, the performance gap between PSCCH and PSSCH can be significantly reduced to the less than 2 dB.
· A TBS scaling reduces the performance imbalance between PSCCH and PSSCH.

PSSCH Spectral Efficiency Performance
Another agreement from RAN1#91 was to evaluate the spectral efficiency (SE) for an SNR defined at 1% BLER. We have considered the MCS table used in Rel. 14, a TBS scaled version of it with scaling factor 0.7 and, for the matter of comparison, the two proposed new MCS tables in [11] and [12], which do not include any scaling.
In Figure 3 we show the results for Case 1 (8 OFDM symbols demodulated), AWGN channel and an allocation of 8 PRBs.
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[bookmark: _Ref506463816]Figure 3 - PSSCH Spectral Efficiency for Case 1 (8 OFDM symbols), 8 NPRB and AWGN channel
We can see in Figure 3 that if the MCS table from Rel. 14 is taken without any scaling, a large number of MCS indexes cannot be used for one TTI reception, including some for 16-QAM, and the 64-QAM modulation format can only be employed for high SNR values, i.e. above 15 dB. In the case of the MCS tables proposed in [11] and [12], 64-QAM can be employed for lower SNR values, but still most of the MCS indexes are still around 15 dB and some MCS indexes remain not able to be employed for one TTI reception. If a scaling of 0.7 is employed we can see that all MCS indexes can be employed for one TTI reception and most 64-QAM MCS indexes can be employed in an SNR range between 8-15 dB. The drawback of the scaling is a reduced peak SE.
In Figure 4 we show the results for Case 1, AWGN channel and 18 PRBs, where we can make very similar observations as in Figure 3.
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[bookmark: _Ref506463892]Figure 4 - PSSCH Spectral Efficiency for Case 1, 18 NPRB and AWGN channel
Further SE simulation results for NLOS, including 30 km/h and 120 km/h, and Case 2, can be found in Figure 10, Figure 11, Figure 12, Figure 13, Figure 14, Figure 15, in Annex B, where we can see that the TBS scaling appears to be the best option in terms of the number of MCS indexes available when only one TTI is demodulated. 
The drawback that a lower peak SE is achieved when scaling is employed is compensated by the fact that a high modulation order, such as 16- and 64-QAM, is particularly beneficial in congested environments, since for the same transport block size less resource elements are occupied. Congested scenarios are of particular interest and concern by car OEMs due to the risks to safety.
Observation 4
· TBS scaling provides higher reliability and increases the number of employed MCS indexes
CDF of SNR Difference between PSSCH SE Points
In this section we analyze the granularity of the SNR difference between adjacent PSSCH spectrum efficiency points, i.e. the CDF of delta SNR.
In Figure 5, we have the CDF for Case 1, AWGN channel, 8 and 18 PRB allocations, and considering the MCS table from Rel. 14, from [11] and [12], as well as the scaled MCS table, with scaling factor 0.7.
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[bookmark: _Ref506469191]Figure 5 - CDF of the delta SNR for Case 1 and AWGN channel
We can observe in the results of Figure 5 that the granularity of the SNR difference improves for the MCS tables proposed in [11] and [12], but by considering TBS scaling an much finer level of granularity is achieved. This gives a very high level of flexibility and adaptability to the environmental conditions compared to the legacy MCS table.
Furthermore, in Figure 6, we have depicted the CDF for Case 1, NLOS channel, 120 km/h and 8 PRBs only. Again here we can observe a much higher granularity for the SNR differences.
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[bookmark: _Ref506469379]Figure 6 - CDF of the delta SNR for Case 1, NLOS channel and 120km/h
Further CDF results for Case 1, NLOS channel and 30km/km, as well as all Case 2 examples can be found in Figure 16, Figure 17, Figure 18 and Figure 19 of Annex B, where again it can be observed that the granularity achieved by TBS scaling is much superior than other proposals.
Observation 5
· TBS scaling of 0.7 achieves the best performance in terms of SNR granularity compared to new MCS table proposals. 
SE and CDF for RV2 only Reception
In this subsection we evaluate the spectral efficiency and the CDF for half-duplex devices that only consider the reception of RV2 with the different MCS table options.
We have depicted in Figure 7 the spectral efficiency for Case1, 8 PRBs, AWGN channel and RV2 only reception and in Figure 8 for 18 PRBs. We can observe the very poor behavior of the Rel. 14 MCS table already for the modulation scheme 16-QAM and no support of 64-QAM at all. Even QPSK suffers from performance degradation. The proposals in [11] and [12] do not provide much improvements compared to the old MCS table. Only the combination of old MCS table with TBS scaling provides a reasonable performance and even achieve a higher peak SE than the old MCS table.
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[bookmark: _Ref506469922][bookmark: _Ref506576869]Figure 7 - PSSCH Spectral Efficiency for Case 1, 8 NPRB, AWGN channel and RV2
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[bookmark: _Ref506566586]Figure 8 - PSSCH Spectral Efficiency for Case 1, 18 NPRB, AWGN channel and RV2
In Figure 9, we show the CDF for Case 1, 8 PRBs, AWGN channel and RV2 only reception. Again, here we can see the much higher granularity achieved by the use of TBS scaling.
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[bookmark: _Ref506469995][bookmark: _Ref506577081]Figure 9 - CDF of the delta SNR for Case 1, 8 NPRB, AWGN channel and RV2
Further results for Case 2 and RV2 reception only can be found in Figure 20, Figure 21 and Figure 22 that confirm the same observations made in the previous figures. 
Observation 6
· If only RV2 demodulation is considered, scaling has significantly less problematic MCSs and improved performance than a modified MCS table approach. 
Backward Compatibility Considerations
On additional control signaling 
In case of sharing Rel. 14 resource pools by Rel. 14 and Rel. 15 UEs, the additional control signaling will be needed to differentiate Rel. 14 and Rel. 15 transmissions for 64-QAM modulations, and potentially also if transmit diversity is agreed, and avoid the need for dual blind decoding behavior for Rel. 15 UEs. In order to provide differentiation of Rel. 14 and Rel. 15 transmissions utilizing scaled down TBS table the indication in SCI Format 1 fields is needed. SCI Format 1 in Rel. 14 has a maximum of 25 bits occupied out of 32 bits in total. This means that there are 7 reserved bits that can be partially reused to address this issue. In this case, SCI Format 1 in Rel. 15 can be compatible with Rel. 14 UEs.
The final control signaling details needs to be discussed based on further analysis of use cases to be supported in LTE R15 V2X design.
Observation 7
· SCI Format 1 has at least 7 reserved bits that can be partially reused to indicate the use of a new MCS table and/or of TBS scaling and R15 rate-matching.
Summary
In this contribution, we provided an extensive link level analysis to compare different options to enable the support of 64-QAM in LTE V2V Rel. 15. Based on the analysis, the following observations and proposal can be derived 
Observation 1
Considering the different overhead of the systems, the TBS should be scaled by ~0.7. This can be implemented by TBS scaling and/or changing MCS/TBS table entries.
Observation 2
· Previous proposals to modify MCS table still have entries with problematic MCS indexes.
Observations 3
· A performance gap of up to 4 dB can be observed between PSCCH and PSSCH for MCS0 if no TBS scaling is applied. 
· If a TBS scaling of 0.7 is applied, the performance gap between PSCCH and PSSCH can be significantly reduced to the less than 2 dB.
· A TBS scaling reduces the performance imbalance between PSCCH and PSSCH.
Observation 4
· TBS scaling provides higher reliability and increases the number of employed MCS indexes
Observation 5
· TBS scaling of 0.7 achieves the best performance in terms of SNR granularity compared to new MCS table proposals. 
Observation 6
· If only RV2 demodulation is considered, scaling has significantly less problematic MCSs and improved performance than a modified MCS table approach. 
Observation 7
· SCI Format 1 has at least 7 reserved bits that can be partially reused to indicate the use of a new MCS table and/or of TBS scaling and R15 rate-matching.

Proposal 1
· Support TBS scaling principle for sidelink LTE V2V communication in R15.
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In this section, in Table 1 we provide the list of link level evaluation assumptions used for the performance evaluation.
[bookmark: _Ref477198987][bookmark: _Ref498675860][bookmark: _Ref506568023]Table 1: Link level evaluation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	FFT size
	1024

	Carrier frequency
	6 GHz

	Number of TTI
	1

	Physical Channel
	PSSCH and PSCCH (separately)

	Number of PSSCH PRBs
	8 and 18 PRBs

	Tx assumption
	1 Tx single port

	Channel model
	AWGN and UMi NLOS

	Channel estimation
	Practical

	Rx assumption
	2 Rx, MMSE-MRC

	Vehicle relative speed
	30 and 120 km/h for NLOS channel

	CP type
	Normal

	Modulation
	QPSK, 16-QAM, 64-QAM, TX EVM 10%

	Rate Matching
	Agreed Rate Matching considering 9 OFDM symbols

	Puncturing Assumption
	Case 1: 1st symbol is punctured due to AGC consideration (8 OFDM symbols)
Case 2: 1st symbol is not punctured (9 OFDM symbols)

	Time and Frequency offset
	Tx: No offset
Rx: Assumes estimation and compensation


[bookmark: _Ref506460327]Annex B. Additional Link Level Simulation Results
In this annex, we provide further LLS results with different parameters set as presented in the main part of the contribution.
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[bookmark: _Ref506463962]Figure 10 - PSSCH Spectral Efficiency for Case 2 (9 OFDM symbols), 8 NPRB and AWGN channel
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[bookmark: _Ref506463965]Figure 11 - PSSCH Spectral Efficiency for Case 2, 18 NPRB and AWGN channel
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[bookmark: _Ref506463969]Figure 12 - PSSCH Spectral Efficiency for Case 1, 8 NPRB, NLOS channel and 30km/h
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[bookmark: _Ref506463977]Figure 13 - PSSCH Spectral Efficiency for Case 2, 8 NPRB, NLOS channel and 30km/h
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[bookmark: _Ref506564022]Figure 14 - PSSCH Spectral Efficiency for Case 1, 8 NPRB, NLOS channel and 120km/h
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[bookmark: _Ref506564026]Figure 15 - PSSCH Spectral Efficiency for Case 2, 8 NPRB, NLOS channel and 120km/h
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[bookmark: _Ref506564166]Figure 16 - CDF of the delta SNR for Case 1, NLOS channel and 30km/h
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[bookmark: _Ref506469526]Figure 17 - CDF of the delta SNR for Case 2 and AWGN channel

[image: ]
[bookmark: _Ref506469530]Figure 18 - CDF of the delta SNR for Case 2, NLOS channel and 30km/h
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[bookmark: _Ref506564170]Figure 19 - CDF of the delta SNR for Case 2, NLOS channel and 120km/h
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[bookmark: _Ref506470071]Figure 20 - PSSCH Spectral Efficiency for Case 2, 8 NPRB, AWGN channel and RV2
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[bookmark: _Ref506470073]Figure 21 - CDF of the delta SNR for Case 2, 8 NPRB, AWGN channel and RV2
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[bookmark: _Ref506566908][bookmark: _GoBack]Figure 22 - CDF of the delta SNR for Case 2, 18 NPRB, AWGN channel and RV2
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