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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, at the RAN1#90bis, the following agreements were reached to provide the support of 64QAM modulation for sidelink V2V communication [2]:
	Agreement:
· For PSSCH, specifications support rate-matching applied over the last symbol for all modulation orders.
· Rate-matching is applied for all MCSs
· Use of Rel-15 format is signaled in the SCI (FFS signaling details)
· Note: When a Rel-15 UE transmits a message that needs to be received by Rel-14 UEs, it shall use the Rel-14 format.
Agreement: For the last symbol of PSSCH, rate-matching is always applied when the Rel-15 MCS table is used.  Puncturing is always applied when the Rel-14 MCS table is used.
Agreement: 
· Introduce a modified MCS table, with TBS scaling applied
· A value of 1 is not precluded for TBS scaling
· FFS scaling factor value, and if coding rates >0.932 are allowed
· WA: One scaling factor is applied to all MCS values
Note: for communication of Rel-15 UEs with Rel-14 UEs, the Rel-14 MCS table is used


In this contribution, we discuss different design consideration on a new MCS table w/o scaling as well as concrete examples for such tables. Our views on other V2V enhancements are provided in our companion contributions [4]-[9].
[bookmark: _Ref473567845]LTE-V2V Demodulation Performance
In the following section we compare the demodulation performance of QPSK, 16-QAM and 64-QAM at the same TX spectral efficiency. This is to determine at which Code-Rate (CR) it is of advantage to switch to a higher order modulation. In Figure 1 and Figure 2, all combinations are calculated and the one offering the highest throughput at each SNR are combined to form the envelope line for each modulation order. Afterwards the CR of the lower modulation order at which the curves for each modulation order intersect is calculated. Additional simulations parameters can be found in the Appendix A.
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Figure 1: Rate-matching LTE-V2V QPSK and 16 QAM throughput comparison at the same spectral efficiency with 10 PRBs, NLOS and QPSK Code-Rate {.5, .55, .6, .65, .7, .75, .8, .85, .9, .95} for speed 120 km/h (left) and 240 km/h (right)
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Figure 2: Rate-matching LTE-V2V 16-QAM and 64-QAM throughput comparison at the same spectral efficiency with 10 PRBs, NLOS and 16-QAM Code-Rate {.5, .55, .6, .65, .7, .75, .8, .85, .9, .95} for speed 60 km/h (left) and 120 km/h (right)
Observation 1
· The new MCS table design should switch to 16-QAM if the CR for QPSK is ~0.7 or larger.
· The new MCS table design should switch to 64-QAM if the CR for 16-QAM is ~0.8 or larger.
Design Considerations for a New MCS Table
The LTE-V2V communication performance can be limited by ICI and channel estimation error. The following design considerations can be considered. The LTE R14 transport block size table was designed assuming fixed implementation overhead in terms of amount of REs used for channel estimation per PRB. For LTE R8, there are two DMRS symbols per UL subframe, which results in 2 out of 14 symbols implementation overhead for channel estimation. In R14, the implementation overhead is increased to 6/14 (4 DMRS symbols, 1 gap symbol, and 1 symbol for AGC settling time). The large implementation overhead results in effective code rates larger than 1 for high MCS indexes. In order to avoid this issue, new TBS table with reduced TBS sizes can be designed or existing TBS can be scaled down to take into account implementation overhead. Considering 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. Considering that the original MCS table was designed considering 12 OFDM symbols the scaling of the TBS should be about 

This can be achieved by either dramatically changing the MCS table or by scaling. 
Observation 2
· 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 table entries to a higher modulation order. 
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 [3] from LTE R14 or to add a new TBS table in LTE R15, 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 [3] 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 [10] we see that still many problematic MCS indexes remain (see Figure 3). In addition the CR in MCS 8, 9, 16, 17 is still too high to deliver good performance. The same goes with the design in [11]. 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, which are not usable if the car does only receive in one TTI. Considering the main use-case of LTE V2V is road safety based application in contrast to mobile broadband, it is of benefit to invest into lower coding rate QPSK entries. 
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Figure 3: Simulation of all possible MCS-NPRB combination at 40 dB SNR and AWGN with table from [10] (color meaning red: BLER = 1, yellow BLER in [0, 1], green: BLER = 0).
Observation 3
· Previous proposals to modify MCS table have entries with problematic MCS indexes.
MCS Table Design
In this section, we design three different options considering the following design restrictions: 
· New MCS table without TBS scaling (see Appendix A);
· Old MCS table with TBS scaling;
· New MCS table with TBS scaling (see Appendix A).
The first design is shown in Figure 4. As the designs in [10] and [11] without scaling, it cannot fully resolve the problem of high CR MCSs without significant reduction of QPSK and 16-QAM entries.
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Figure 4: Simulation of all possible MCS-NPRB combinations at 40 dB SNR and AWGN considering a new MCS table without scaling (color meaning red: BLER = 1, yellow BLER in [0, 1], green: BLER = 0).

Figure 5 shows legacy MCS table we have more MCS available considering the use of only one TTI. In addition there are now QPSK the CR of the smallest MCS starts at about 0.1, therefore enabling higher range or more reliability. 
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Figure 5: Simulation of all possible MCS-NPRB combination at 40 dB SNR and AWGN considering the old MCS table with scaling = 0.7 (color meaning red: BLER = 1, yellow BLER in [0, 1], green: BLER = 0).
Observation 4
· Scaling of the TBS addresses almost all issues of problematic MCS indexes.
The results for system utilizing scaling and a new MCS table is show in Figure 6 has the same advantages as the one only using scaling in Figure 5.
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Figure 6: Simulation of all possible MCS-NPRB combination at 40 dB SNR and AWGN considering a new MCS table with scaling = 0.70 (color meaning red: BLER = 1, yellow BLER in [0, 1], green: BLER = 0). 
Demodulation of RV2
In this subsection we evaluate the demodulation performance for half-duplex devices only consider RV2 with the different MCS table options. As in the previous section, the evaluations considers that the first OFDM symbol is punctured due to the AGC settling time.
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Figure 7: Simulation of all possible MCS-NPRB combinations at 40 dB SNR, AWGN and RV2 only considering a new MCS table w/o scaling (color meaning red: BLER = 1, yellow BLER in [0, 1], green: BLER = 0).
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Figure 8: Simulation of all possible MCS-NPRB combination at 40 dB SNR, AWGN and RV2 only considering the old MCS table w/ scaling = 0.7 (color meaning red: BLER = 1, yellow BLER in [0, 1], green: BLER = 0).
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Figure 9: Simulation of all possible MCS-NPRB combination at 40 dB SNR, AWGN and RV2 only considering a new MCS table w/ scaling = 0.7 (color meaning red: BLER = 1, yellow BLER in [0, 1], green: BLER = 0). 
Observation 5
· If only RV2 is considered, scaling has significantly less problematic MCSs than a modified MCS table approach. 

Compatibility Considerations
On additional control signaling 
In case of sharing R14 resource pools by R14 and R15 UEs, the additional control signaling will be needed to differentiate R14 and R15 transmissions for high order modulations and avoid the need for dual blind decoding behavior for R15 UEs. In order to provide differentiation of R14 and R15 transmissions utilizing scaled down TBS table the indication in SCI Format 1 fields is needed. SCI Format 1 in R14 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 R15 can be compatible with R14 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 6
· 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
[bookmark: _GoBack]In this contribution, we compared the transmission of QPSK, 16-QAM and 64-QAM for LTE-V2V communication considering different coding rates. Afterwards, we combined this observations with other design criteria to derive guidelines for the design of a new MCS table with and without scaling. Than we used this criteria to show possible options how a new MCS table with different design constraints might look like. We made the following observations: 
Observation 1
· The new MCS table design should switch to 16-QAM if the CR for QPSK is ~0.7 or larger.
· The new MCS table design should switch to 64-QAM if the CR for 16-QAM is ~0.8 or larger.
Observation 2
· 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 table entries to a higher modulation order. 
Observation 3
· Previous proposals to modify MCS table have entries with problematic MCS indexes.
Observation 4
· Scaling of the TBS addresses almost all issues of problematic MCS indexes.
Observation 5
· If only RV2 is considered, scaling has significantly less problematic MCSs than a modified MCS table approach.
Observation 6
· 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
· Introduce TBS scaling for sidelink LTE V2V communication in R15.
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Annex A. Link Level Evaluation Assumptions
In this section, in Table 1 we provide the list of link level evaluation assumptions used for demodulation analysis. Table
[bookmark: _Ref477198987][bookmark: _Ref498675860]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

	Channel
	PSSCH

	Channel model
	IMT-Advanced

	Vehicle relative speed
	60, 120, 240 km/h

	CP type
	Normal

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

	Rate Matching
	Agreed Rate Matching considering 9 OFDM symbols

	AGC Assumption
	The 1st symbol is punctured due to AGC consideration


Table 2: MCS Table Design Options
	New MCS table without scaling
	New MCS table with scaling 0.70

	
	MCS Index
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	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
	4
	8

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	6
	14

	17
	6
	15

	18
	6
	16

	19
	6
	17

	20
	6
	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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8 Symbols 1 TTI AGC1 new MCS table from [10]
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New MCS table without scaling
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S table with scaling = 0.7
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New MCS table with scaling = 0.7
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New MCS table without scaling RV2
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table vith scaling =07 RV2
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New MCS table vith scaling = 0.7 RV2
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