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[bookmark: _Ref493611312]Introduction
In RAN1#90bis, the following was agreed:
	[bookmark: _Hlk506293649]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 RAN1#91, no significant progress could be possible due to different understanding of companies about the FFS above i.e. scaling factor value, and if coding rates >0.932 are allowed. In this respect, we made the at least the following agreements:

	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 RAN1#92, the following working assumption was made on the principle defining MCS/TBS tables. 
	[bookmark: _Hlk510007166]Working assumption
· TBS scaling (<1) is applied with additional MCS indices in ‘Modulation and TBS index table’ 
· Number of additional MCS indices is three
· Additional TBS values which will be down-selected from Table 7.1.7.2.1-1 in 36.213
· FFS downselected TBS values
· Select the scaling factor <1 so as to avoid reducing the peak SE (after adding additional MCS values above 28) compared to MCS 28 with scaling factor 1
· FFS the exact scaling factor. 




In this contribution, we present our views on the working assumption, including the outstanding issues. 
Discussion
In RAN1#92, a compromising principle was discussed based on difference in opinions of companies when it comes to optimization of peak spectral efficiency. Based on this, a working assumption to use reserved MCS values (i.e. IMCS > 28) is made which allows higher peak spectral efficiency. We suggest confirming the working assumption. 
Proposal 1	Confirm the working assumption of RAN1#92.
Scaling Factor
In our previous contribution [2], we identified the problems of using single scaling factor for all the MCSs: (1) Applying scaling factor to QPSK and 16QAM will lead to lower spectral efficiency of Rel. 15 transmissions as compared to Rel. 14 transmissions. (2) if TBS scaling is only applied to 64QAM, it is not possible to make use of all the MCSs so that the spectral efficiency remains monotonic. 
Single scaling factor to all MCSs is not an optimal solution.
However, given the previous working assumption and for the sake of completion of feature, we accept the use of single scaling factor.
Proposal 2		Confirm the working assumption of RAN1#90. 
When it comes to the value of scaling factor, it should be decided such that at least the TB at least up to MCS value 28 is decodable based on single transmission. This is due to the reason that it is not common for the LTE specification to provide TBS values that cannot be decoded based on a single transmission. Also note that for safety related V2X applications, it is necessary that the packets are transmitted reliably and within the latency budget. That is, relying on multiple transmissions for decoding a single TB is not reasonable for sidelink-V2X, which is inherently less reliable than UL/DL transmission. Therefore, it is important that to design a system that allows for decoding based on a single decodable transmission. 
Proposal 3       TB at least up to MCS value 28 must be decodable based on a single transmission.
In order to ensure that the coding rate values are below 0.932 at least up to MCS values of 28, the scaling factor should be around 0.7 given that only 8 symbols out of 14 are usable for data transmission. To avoid possible difficulties, we propose to use existing TBS values only (e.g., by applying the scaling factor to the PRB allocation, etc.).
Proposal 4		Scaling factor of 0.7 is chosen for all MCS values. No new TBS values are introduced. Details FFS.
Changes to MCS table 
There has been discussion on changing the switching points between QPSK-16QAM and 16QAM-64QAM in the current MCS table. However, this change in the switching point is dependent on the chosen scaling factor. As a generic design principle, it is important to design the MCS table given the TBS values so that all the MCS values are usable. Therefore, for the scaling factor of 0.7, the modulation switching point (QPSK-16QAM) is IMCS = 11 (corresponding to ITBS = 10) and the modulation switching point (16-QAM to 64QAM) is IMCS = 21 (21 (corresponding to ITBS = 19), which are the same as legacy MCS table.  
Using the modulation switching points in legacy MCS table with TBS scaling factor of 0.7 do not generates any decoding error problems.
Furthermore, to make use of reserved MCS values for achieving higher peak spectral efficiency, we propose to use TBS values (30, 32, 33) corresponding to 256QAM from Table 7.1.7.2.1-1 in 36.213. Based on this, the modified MCS-TBS mapping is given in Table 1. Furthermore, IMCS > 28 is used only in case of two transmissions. 
Proposal 5	Use the new mapping in Table 1 for Rel-15 transmissions with a condition that IMCS > 28 is chosen for two transmission case.
[bookmark: _Ref498542058]Table 1. Legacy and new mappings between MCS index, TBS index, and modulation order.
	
MCS Index
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	New Mapping

	
	Modulation Order
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	8
	2
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	9
	2
	9
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	10
	2
	10
	2
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	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
	4
	19

	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

	29
	Reserved
	6
	30

	30
	
	6
	32

	31
	
	6
	33


LS to RAN2
Once modifications to MCS/TBS table is agreed, we propose informing RAN2 of the changes and requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on factors such as speed, synchronization, and/or service class etc.
Proposal 6		Send an LS to RAN2 requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on factors such as speed, synchronization, and/or service class.
Receiver requirements
The current Rel. 14 specification captures the minimum decoding requirements for a UE under the assumption that only QPSK and 16QAM are supported.
[bookmark: _GoBack]Proposal 7	RAN1 to revise the minimum decoding requirements, including soft buffer size, etc.
Conclusion 
In this paper, we have discussed the introduction of support for 64QAM for V2X and observed and proposed the following:
1. Single scaling factor to all MCSs is not an optimal solution.
1. Using the modulation switching points in legacy MCS table with TBS scaling factor of 0.7 do not generates any decoding error problems.
Proposal 1			Confirm the working assumption of RAN1#92.
Proposal 2			Confirm the working assumption of RAN1#90. 
Proposal 3       	TB at least up to MCS value 28 must be decodable based on a single transmission.
Proposal 4		Scaling factor of 0.7 is chosen for all MCS values. No new TBS values are introduced. Details FFS.
Proposal 5		Use the new mapping in Table 1 for Rel-15 transmissions with a condition that IMCS > 28 is chosen for two transmission case.
Proposal 6		Send an LS to RAN2 requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on factors such as speed, synchronization, and/or service class.
Proposal 7			RAN1 to revise the minimum decoding requirements, including soft buffer size, etc.
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