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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;


During RAN1#92bis, the following agreements were reached to provide the support of enhanced demodulation for sidelink V2V communication [2]:
	Agreement
The following working assumption is confirmed
· Single TBS scaling factor value is applied (i.e. independently of ITBS/IMCS values) to all numbers in the table.
Working Assumption
· Scaling factor is applied to the number of PRBs derived from SCI
· Actual TBS value is derived by using scaled number of PRBs defined by the following equation
· ,
where is the original total number of allocated PRBs according to 7.1.6 from 3GPP 36.213 LTE R14.
· No new TBS values are introduced.
Agreement
· TBS scaling factor value is equal to =0.8
Agreement
· Agree to use reserved bit(s) in SCI format to indicate R15 PSSCH transmission format/features
· Further discuss whether it is needed to separately indicate specific features (e.g. rate-matching, 64-QAM support) or transmission format


In this contribution, we propose a new MCS table including the additional three MCS indexes to improve the maximum throughput value as this was the main concern regarding pure TBS scaling. Our views and proposals on the other V2V enhancements are provided in our companion contributions [3]-[7]
New MCS Table entries for scaling 
The agreed scaling factor is 0.8 and based on that we propose a new MCS table shown in Table 1. The entries highlighted in yellow are new or changed entries in modulation order or TBS indexes. Following the working assumption, we have added three more indexes to increase the maximum throughput. 
Table 1: MCS Table Design
	New MCS table with scaling 

	
	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
	10

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	4
	17

	19
	4
	18

	20
	4
	19

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	27

	29
	6
	28

	30
	6
	29

	31
	6
	33


 



Proposal 1
· Adopt the new MCS Table as shown in Table 1 of this contribution.

In Figure 1, we have depicted the spectral efficiency achieved for the high MCS indexes considering 9 demodulated OFDM symbols and NPRB=18. We can observe that the behaviour is monotonically increasing and nearly MCS symbols are decodable. We have also indicated which MCS index is not decodable for the considered allocations.
The maximum throughput achievable for the proposed table is 28.336 Mbit/s, considering MCS 30 and an PSSCH allocation of 48 PRBs available for a 10 MHz channel. For the case of an allocation of 96 PRBs available for a 20 MHz channel and MCS index 30, the maximum throughput is 57.336 Mbit/s.
 [image: ]
Figure 1 - Spectrum Efficiency for different MCS indexes, NPRB=18 and scaling factor 0.8
In Figure 2, we show the results of the simulations for all possible MCS-NPRB combinations for the proposed table when 9 OFDM symbols are demodulated. We can see that there are some problematic MCS indexes in this case, especially for MCS 31, which in our proposed table corresponds to TBS index 33, where the system can only reliably operate when two TTIs are received and demodulated. It is worth noting that for the MCS 31 using 2 TTIs and 64-QAM still achieves a higher data rate than the maximum data rate achieved by the maximum 16-QAM MCS format (index 20) assuming one TTI is demodulated. 



Figure 2 – Simulation of all possible MCS-NPRB combinations at 40 dB SNR and AWGN considering the new MCS table with scaling = 0.80 (color code red: BLER = 1, green: BLER = 0).
Observation 1
· With the proposed MCS table and scaling of 0.8, there are few problematic MCS indexes even when 9 decodable symbols are assumed, but still a maximum data rate of 28.336  Mbit/s can be achieved for 10 MHz channel and single TTI .
Additional control signaling for Backward Compatibility
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 2
· 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.

As a consequence, we propose the following control signalling:
Proposal 2
· Use one bit from the reserved bits of SCI Format 1 to signalize that transmitter is a Release 15 UE.
· If 64QAM is agreed to be an optional feature, it is up to higher layer to decide and inform lower layers whether 64QAM is supported in a specific UE category
Summary
In this contribution, we proposed a new MCS table for a scaling of 0.8 to enable the support of 64-QAM in LTE V2V Rel. 15. Based on the analysis, the following observations and proposals can be derived:
Proposal 1
· Adopt the new MCS Table as shown in Table 1 of this contribution.
Observation 1
· With the proposed MCS table and scaling of 0.8, there are few problematic MCS indexes even when 9 decodable symbols are assumed, but still a maximum data rate of 28.336 Mbit/s can be achieved for 10 MHz channel and single TTI.
Observation 2
· 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 2
· Use one bit from the reserved bits of SCI Format 1 to signalize that transmitter is a Release 15 UE.
· If 64QAM is agreed to be an optional feature, it is up to higher layer to decide and inform lower layers whether 64QAM is supported in a specific UE category
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	Parameter
	Value

	System bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	FFT size
	1024

	Carrier frequency
	6 GHz

	Number of TTI
	1

	Physical Channel
	PSSCH 

	Number of PSSCH PRBs
	18 PRBs

	Tx assumption
	1 Tx single port

	Channel model
	AWGN

	Channel estimation
	Ideal

	Rx assumption
	2 Rx, MMSE-MRC

	CP type
	Normal

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

	Rate Matching
	Agreed Rate Matching considering 9 OFDM symbols

	Puncturing Assumption
	1st symbol is not punctured (9 OFDM symbols)

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