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1	Introduction 

In RAN1-92, the candidate schemes of TBS scaling and MCS update and their evaluation results were discussed and the following working assumption was reached [1]. 
 
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 make further discussions on the TBS scaling and additional MCS indices based on the working assumption.
2	TBS scaling and additional MCSs
As stated in the working assumption, three additional MCSs shall be added to the MCS table with TBS indices which will be selected from Table 7.1.7.2.1-1 in TS 36.213. Assume that a constant scaling factor is used across all the 32 MCSs, which implies that the added three MCSs correspond to TBS indices for  larger TBS to avoid reduction of peak SE in comparison with the MCS 28 with scaling factor 1. 
On the other hand, considering that the TBS scaling is mainly motivated by the increase in DMRS symbol density, the reservation of the last symbol as guard time and the potentially puncturing of the first symbol for AGC settling, it is appropriate to keep the TBS scaling factor in the range 0.667 to 0.750, respectively corresponding to the cases the first SC-FDMA symbol is punctured (i.e. for AGC handling) and is used for data detection without distortion (i.e. not punctured) at the receiver. 
With the above taking into account, the three added MCSs could correspond to TBS indices of 30, 32 and 34, as defined in Table 7.1.7.2.1-1 in TS 36.213. The TBS scaling factor could be 0.725, which guarantees the non-reduction of the peak spectral efficiency (assume TBS table element-wise scaling) and in the preferred scaling factor range. The updated MCS table is shown in Table 1 and the spectral efficiency of the updated MCS table with scaling and the legacy MCS table (with scaling factor 1) is shown in Figure 1, taking the transmission bandwidth NPRB=8 as an example. Note that in Table 1, for MCS index 20, it is preferred to change the modulation from 16QAM to 64QAM to optimize the link performance (especially for RV2/first symbol puncturing). 
Regarding the implementation of the TBS scaling, the TBS table element-wise scaling method (discussed in [2]) and TBS table column-wise scaling method (discussed in [3]) could be considered. Due to the better accuracy than the column-wise scaling especially for relatively small number of PRBs (e.g. assume the nominal scaling factor is 0.7, actual scaling factor of 1 and 0.5 are used for 1-PRB and 2-PRB transmissions), the TBS table element-wise scaling is preferred. 
For convenience of readability, the TBS table element-wise scaling method is duplicated 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

Table 1: Legacy and new mappings between MCS index, TBS index, and modulation order
	
MCS Index
[image: ]
	Legacy Mapping
	New Mapping
	Coding rate**

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

	0
	2
	0
	2
	0
	0.0880                                        

	1
	2
	1
	2
	1
	0.1065

	2
	2
	2
	2
	2
	0.1389

	3
	2
	3
	2
	3
	0.1852

	4
	2
	4
	2
	4
	0.2315

	5
	2
	5
	2
	5
	0.2824

	6
	2
	6
	2
	6
	0.3380

	7
	2
	7
	2
	7
	0.4028

	8
	2
	8
	2
	8
	0.4583

	9
	2
	9
	2
	9
	0.5231

	10
	2
	10
	2
	10
	0.5787

	11
	4
	10
	4
	10
	0.2894                                        

	12
	4
	11
	4
	11
	0.3356

	13
	4
	12
	4
	12
	0.3819

	14
	4
	13
	4
	13
	0.4282

	15
	4
	14
	4
	14
	0.4745

	16
	4
	15
	4
	15
	0.5208

	17
	4
	16
	4
	16
	0.5486

	18
	4
	17
	4
	17
	0.6042

	19
	4
	18
	4
	18
	0.6597

	20
	4
	19
	6
	18
	0.4398/0.6597*

	21
	6
	19
	6
	19
	0.4892

	22
	6
	20
	6
	20
	0.5262                                    

	23
	6
	21
	6
	21
	0.5633

	24
	6
	22
	6
	22
	0.6003

	25
	6
	23
	6
	23
	0.6373

	26
	6
	24
	6
	24
	0.6991

	27
	6
	25
	6
	25
	0.7238

	28
	6
	26
	6
	26
	0.8349

	29
	
	
	6
	30
	0.8719

	30
	
	
	6
	32
	0.9336

	31
	
	
	6
	34
	1.1836


Note**: the coding rate depends on transmission bandwidth to some extent. The coding rates shown here are obtained for 8 PRBs. 
Note*: the two coding rates correspond to 64QAM and 16QAM respectively.
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Figure 1: Spectral efficiency for all MCS for NPRB=8

3	Evaluation results
Some link level evaluations were made for the updated MCS table as shown in Table 1 with TBS scaling. The TBS scaling factor is set to 0.725, as discussed in previous section. In the simulations, AWGN channel is used with SNR fixed to 30dB. The detailed simulation conditions are listed in appendix. From the simulation results, we can get the following observation
Observation 1: For the proposed updated MCS table with TBS scaling, V2X sidelink works well for all the MCSs except the one with peak SE for RV0 transmission without puncturing for the first symbol. The RV2 transmission and/or the puncturing for first symbol will bring some performance loss. 

[image: ]
(a) RV0, first symbol not punctured


[image: ]
(b) RV0, first symbol punctured
[image: ]
(c) RV2, first symbol not punctured


[image: ]
(d) RV2, first symbol punctured
Figure 2: Evaluations of the updated MCS table with scaling (green: BLER=0; red: BLER=1; blue:0<BLER<1)


5	Conclusion
This paper made further discussions on the MCS table update with three additional MCSs and TBS scaling. In particular, it was proposed that the three added MCSs correspond to TBS indices of 30, 32 and 34 and the TBS scaling factor is 0.725. Some link evaluations were made for the updated MCSs with TBS scaling from which the following observation is obtained.
[bookmark: _GoBack]Observation 1: For the proposed updated MCS table with TBS scaling, V2X sidelink works well for all the MCSs except the one with peak SE for RV0 transmission without puncturing for the first symbol. The RV2 transmission and/or the puncturing for first symbol will bring some performance loss.

Based on the discussions and evaluations, we propose the following proposals
Proposal 1: Confirm the working assumptions on TBS scaling reached in RAN1-92. 
Proposal 2: The MCS update shown in Table 1 together with TBS scaling is used for V2X PSSCH. The TBS table element-wise TBS scaling with the scaling factor of 0.725 is preferred. 
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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

	Resource allocation
	All possible PRB numbers

	MCS table
	Shown in Table 1

	TBS scaling
	TBS table element-wise TBS scaling shown in (1)(2) with the scaling factor of 0.725.

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

	Number of TTI
	1 TTI with RV0 or RV2

	Puncturing assumption for the 1st symbol
	Being punctured or not

	Channel model
	AWGN channel

	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




image2.wmf
[

]

(

)

[

]

[

]

[

]

[

]

ï

ï

ï

î

ï

ï

ï

í

ì

£

¢

´

¢

+

<

£

´

+

<

£

´

+

<

£

´

+

<

´

+

=

   

          

TBS

6152

   

,

-

64

)/64

(TBS

6152

TBS

2040

    

L,

-

64

)/64

(TBS

2040

TBS

1008

    

L,

-

32

)/32

(TBS

1008

TBS

492

     

L,

-

16

)/16

(TBS

 

492

TBS

     

,

L,16

-

8

)/8

(TBS

max

TBS

scaled

scaled

scaled

scaled

scaled

scaled

scaled

scaled

scaled

scaled

new

L

L

L

L

L

L


oleObject2.bin

image3.wmf
(

)

é

ù

(

)

6144

1

)

24

/(

TBS

24

scaled

=

´

+

-

+

=

¢

=

Z

L

Z

L

L

L


oleObject3.bin

image4.wmf
a


oleObject4.bin

image5.wmf
MCS

I


image6.wmf
'

m

Q


image7.wmf
TBS

I


image8.emf
0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Spectral efficiency,bit/RE

Imcs

 

 

New MCS with scaling

Legacy MCS w/o scaling


image9.emf
0 10 20 30 40 50 60 70 80 90 100

0

5

10

15

20

25

30

35

PRB number

Imcs + 1

RV0, first symbol used


image10.emf
0 10 20 30 40 50 60 70 80 90 100

0

5

10

15

20

25

30

35

PRB number

Imcs + 1

RV0, first symbol punctured


image11.emf
0 10 20 30 40 50 60 70 80 90 100

0

5

10

15

20

25

30

35

RV2, first symbol used

PRB number

Imcs+1


image12.emf
0 10 20 30 40 50 60 70 80 90 100

0

5

10

15

20

25

30

35

PRB number

Imcs + 1

RV2, first symbol punctured


image1.wmf
a

´

=

TBS

TBS

scaled


oleObject1.bin

