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1. Introduction
In RAN1 AH 1801, the following agreements were reached [1]. 
	Agreement:
· Quantized number of REs allocated for PDSCH within a PRB is removed
· In the formula-based TBS determination, the minimum TBS is aligned to 3840


In this contribution, we present the effective code rate distortion that 1) the effective code rate is higher than the maximum supportable code rate ( in NR) and 2) the difference between the nominal code rate denoted by the MCS option Tables () and effective code rate is severe for the short information size regime in the table-based TBS determination. Before discussion, let us denote the maximum supportable code rate and the maximum nominal code rate as  and , respectively.
For avoidance of the above effective code distortion, this contribution provides a minimal change based proposal for the table-based TBS determination problem, which can be incorporated into TS 38.214 for NR: Physical Layer Procedures for Data.

2. Effective code rate distortion in the table-based TBS determination
From [1], the table-based TBS determination (when ) is as follows.
	3) When , TBS is determined as follows
   - quantized intermediate number of information bits , where                
-  Table 5.1.3.2-2 find the closest TBS that is not less than 


Fig. 1 presents the effective code rates obtained by the table-based TBS determination using maximum MCS indices 28 and 27 in Tables 1 and 2 in [1]. Here, the effective code rate is defined by . Also, the TBS values and resource allocations for the cases that the effective code rates are higher than the maximum supportable code rate  are summarized in Tables 1.1-2.
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Figure 1. Effective code rate using MCS indices 28 and 27 in Tables 1 and 2 in [1]
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	40
	40
	48
	576
	560,560,568
	606,612,618

	48
	48,48
	54,60
	608
	584,592,592, 600
	636,642,648,654

	56
	56
	64
	640
	616,616,624,
632,632
	666,672,678,
684,690

	64
	64
	72
	672
	648,648,656,664
	702,708,714,720

	72
	72,72
	78,84
	704
	680,688,688,696
	738,744,750,756

	80
	80
	90
	736
	712,720,720
	774,780,786

	88
	88,88
	96,102
	768
	744,744,752,760
	804,810,816,822

	96
	96
	108
	808
	776,776,784,
792,792
	840,846,852,
858,864

	104
	104,104
	114,120
	848
	816,816,824,
832,832
	882,888,894,
900,906

	112
	112
	126
	888
	856,864,872
	930,936,948

	120
	120,120
	132,138
	928
	896,904,912
	972,984,990

	128
	128
	144
	984
	936,944,944,
952,960,968
	1014,1020,1026,
1032,1044,1050

	136
	136
	150
	1032
	992,1008,1016
	1080,1092,1098

	144
	144,144
	156,162
	1064
	1040,1040
	1128,1134

	152
	152
	168
	1128
	1072,1072,1088,
1088,1104
	1164,1170,1176,
1188,1200

	160
	160,160
	174,180
	1160
	1136,1136
	1230,1236

	168
	168
	186
	1224
	1200
	1302

	176
	176
	192,198
	1256
	1232
	1332

	184
	184
	204
	1288
	1264
	1368

	192
	192,192
	210,216
	1320
	1296
	1404

	208
	200,208
	222,228
	1416
	1360,1360,1360,
1376,1376,1376
	1470,1476,1482,
1488,1494,1500

	224
	216,216,224
	234,240,246
	1480
	1424,1424,1440,
1440,1440
	1548,1554,1560,
1566,1572

	240
	232,232,240
	252,258,264
	1544
	1488,1488,1504,
1504
	1608,1620,1632,
1638

	256
	248,248,256
	270,276,282
	1608
	1552,1552,1568
	1680,1692,1704

	272
	264,272,272
	288,294,300
	1672
	1616,1616,1632,
1632,1632
	1746,1752,1764,
1770,1776

	288
	280,288,288
	306,312,318
	1736
	1680,1680,1680,
1696
	1818,1824,1830,
1836

	304
	296,304,304
	324,330,336
	1800
	1744,1744,1760
	1890,1896,1908

	320
	312,320
	342,348
	1864
	1808,1808,1824
	1962,1968,1974

	336
	328,336
	360,366
	1928
	1872,1872,1888,
1888
	2028,2034,2040,
2046

	352
	344,344,352
	372,378,384
	2024
	1936,1936,1952,
1952,1968,1968,
1968
	2100,2106,2112,
2124,2130,2136,
2142

	368
	360,360,368
	390,396,402
	2088
	2032,2032,2048
	2196,2208,2214

	384
	376,376,384
	408,414,420
	2408
	2304,2304,2304,
2304,2304,2336,
2336,2336
	2490,2496,2502,
2508,2520,2538,
2544,2550

	408
	392,392,400,408
	426,432,438,444
	2976
	2880,2880,2880
	3120,3132,3144

	432
	416,416,424,432
	450,456,462,468
	3104
	3008,3008,3008
	3264,3270,3276

	456
	440, 448, 448
	480, 486, 492
	3240
	3136,3136,3136,
3136
	3390,3402,3408,
3420

	480
	464, 472, 472, 480
	504, 510, 516, 522
	3368
	3264,3264,3264,
3264
	3528,3534,3540,
3552

	504
	488, 488, 496, 504
	528, 534, 540, 546
	3496
	3392,3392,3392,
3392
	3666,3672,3690,
3696

	528
	512, 520, 520
	558, 564, 570
	3624
	3520,3520,3520,
3520
	3810,3816,3822,
3828

	552
	536, 544, 544
	582, 588, 594
	3752
	3648,3648,3648
	3942,3948,3960


Table. 1-1. TBS and resource allocation combination that effective code rates are higher than 0.95 for MCS index 28 in Table 1
	TBS
	
	
	TBS
	
	

	56
	56
	64
	608
	584,592,592,600
	632,640,648,656

	64
	64
	72
	640
	616,624,632
	672,680,688

	72
	72
	80
	672
	648,656,664
	704,712,720

	80
	80
	88
	704
	680,688,696
	736,744,752

	88
	88
	96
	736
	712,720
	776,784

	96
	96,96
	104,112
	768
	744,752,760
	808,816,824

	104
	104
	120
	808
	776,784,792,792
	840,848,856, 864

	112
	112
	128
	848
	816,824, 832
	888,896,904

	120
	120
	136
	888
	856,864,872
	928,936,944

	128
	128
	144
	928
	896,896,904,912
	968,976,984,992

	136
	136
	152
	984
	936,944,952,
960,968
	1016,1024,1032,
1040,1048

	144
	144
	160
	1032
	992,992,1000,1008
	1072,1080,1088,1096

	152
	152
	168
	1064
	1040,1040
	1128,1136

	160
	160
	176
	1128
	1072,1072,1088,
1088,1088,1104
	1160,1168,1176,
1184,1192,1200

	168
	168
	184
	1160
	1136
	1232

	176
	176
	192
	1192
	1168
	1264

	184
	184
	200
	1288
	1264
	1368

	192
	192,192
	208,216
	1320
	1296
	1400

	208
	200,208
	224,232
	1352
	1328
	1440

	224
	216,224
	240,248
	1416
	1360,1360,1376,
1376,1392
	1472,1480,1488,
1496,1504

	240
	232,240
	256,264
	1480
	1424,1440,1440
	1552,1560,1568

	256
	248,256
	272,280
	1544
	1488,1488,1488,
1504,1504
	1608,1616,1624,
1632,1640

	272
	264,272
	288,296
	1608
	1552,1568,1568
	1680,1696,1704

	288
	280,288
	304,312
	1672
	1616,1616,1632,
1632
	1752,1760,1768,
1776

	304
	296,296,304
	320,328,336
	1736
	1680,1696
	1824,1840

	320
	312,320
	344,352
	1800
	1744,1744,1760
	1888,1896,1904

	336
	328,336
	360,368
	1864
	1808,1808,1824
	1960,1968,1976

	352
	344,352
	376,384
	1928
	1872,1872,1888
	2024,2032,2040

	368
	360,368
	392,400
	2024
	1936,1952,1952,
1968,1968,1984
	2096,2112,2120,
2128,2136,2144

	384
	376,384
	408,416
	2088
	2032,2032
	2200,2208

	408
	392,392,400
	424,432, 440
	2408
	2304,2304,2336
,2336
	2496,2520,2528,
2544

	432
	416,424
	456,464
	2976
	2880,2880,2880,
2880
	3120,3128,3136,
3144

	456
	440,448,456
	480,488,496
	3104
	3008,3008,3008
	3256,3264,3280

	480
	464,472,480
	504,512,520
	3240
	3136,3136,3136,
3136,3168
	3392,3400,3408,
3416,3424

	504
	488,496,504
	528, 536,544
	3368
	3264,3264,3264,
3264
	3528,3536,3552,
3560

	528
	512,520
	560,568
	3496
	3392,3392,3392
	3672,3680,3696

	552
	536,544
	584,592
	3624
	3520,3520
	3808,3816

	576
	560,568
	608,616
	3752
	3648,3648,3648
	3944,3952,3960


Table. 1-2. TBS and resource allocation combination that effective code rates are higher than 0.95 for MCS index 27 in Table 2

From the above results, we can remark the following observations.
Observation 1: For MCS index 28 in Table 1, the effective code rates are higher than the maximum supportable code rate 0.95 for almost TBS values (79 ones among 93 values) except for 24, 32, 1352, 2152, 2216, 2280, 2472, 2536, 2600, 2664, 2728, 2792, 2856 and 3824. 
Observation 2: For MCS index 27 in Table 2, the effective code rates are higher than the maximum supportable code rate 0.95 for almost TBS values (76 ones among 93 values) except for 24, 32, 40, 48, 1224, 1256, 2152, 2216, 2280, 2472, 2536, 2600, 2664, 2728, 2792, 2856 and 3824. 
Observation 3: For maximum MCS indices (27 and 28) in Tables 1 and 2, the gap between the nominal code rate and the effective code rate is large especially in the short information size regime. 

We analyze why the above effective code rate distortion happens and summarize the following reasons.
- For the given , the TBS value is overestimated due to the TBS determination rule that “less than ” prohibits the closest TBS value selection in some cases and does not consider CRC bit length so that the TBS value is aligned far from  in some cases and then the effective code rate higher than the maximum supportable code rate occurs. 



3. Proposed Solutions: Adjustment of TBS determination rule
As mentioned earlier, the current TBS determination rule leads to the effective code rate distortions especially in the short information size. Hence, in order to solve the effective code rate distortion, we have the following proposals.

Proposal 1: In Step 3), replace “ Table 5.1.3.2-2 find the closest TBS that is less than ” with “ Table 5.1.3.2-2 find the TBS less than  that is closest to ”.

As shown in Fig. 2, even though Proposal 1 can solve the effective code rate higher than the maximum supportable code rate, the effective code rate distortion still exists.
[image: ]
Figure 2. Nominal and effective code rates comparison of the conventional approach in [1] and Proposal 1 using MCS indices 6, 20 and 27 in Table 2 for 


Proposal 2: In Step 3), replace “ Table 5.1.3.2-2 find the closest TBS that is less than ” with “ Table 5.1.3.2-2 find the TBS less than  that is closest to ”. 

Here,  and  in NR. The condition of “the TBS less than ” can obviously prevent the effective code rate from being higher than the maximum supportable code rate, as shown in Figs. 3 and 4. Also, Proposal 2 can significantly improve the effective code rate distortion.
[image: ]
Figure 3. Nominal and effective code rates comparison of the conventional approach in [1] and Proposal 2 using MCS indices 6, 20 and 27 in Table 2 for 

[bookmark: _GoBack][image: ] Figure 4. Maximum difference between the nominal and effective code rates for the conventional approach in [1] and Proposals 1 and 2 according to TBS values using MCS indices 28 and 27 in Tables 1 and 2 for 

4. Conclusion
We made the following observations and proposals in this contribution: 
Observation 1: For MCS index 28 in Table 1, the effective code rates are higher than the maximum supportable code rate 0.95 for almost TBS values (79 ones among 93 values) except for 24, 32, 1352, 2152, 2216, 2280, 2472, 2536, 2600, 2664, 2728, 2792, 2856 and 3824. 
Observation 2: For MCS index 27 in Table 2, the effective code rates are higher than the maximum supportable code rate 0.95 for almost TBS values (76 ones among 93 values) except for 24, 32, 40, 48, 1224, 1256, 2152, 2216, 2280, 2472, 2536, 2600, 2664, 2728, 2792, 2856 and 3824. 
Observation 3: For maximum MCS indices (27 and 28) in Tables 1 and 2, the gap between the nominal code rate and the effective code rate is large especially in the short information size regime. 
Proposal 1: In Step 3), replace “ Table 5.1.3.2-2 find the closest TBS that is less than ” with “ Table 5.1.3.2-2 find the TBS less than  that is closest to ”.
Proposal 2: In Step 3), replace “ Table 5.1.3.2-2 find the closest TBS that is less than ” with “ Table 5.1.3.2-2 find the TBS less than  that is closest to ”. 

5. Text proposal for TS 38.214
Anyone of Proposals can solve the effective code rate distortion. However, we prefer to the Proposal 2 in the perspective of the most minimal effective code rate distortion and the text proposal for step 3) in TS. 38.214 V15.0.0, Section 5.1.3.2 is as follows. The modified text is marked in red. 

[bookmark: _Toc501048167]5.1.3.2	Transport block size determination

3)	When , TBS is determined as follows


-	quantized intermediate number of information bits , where .

-	use Table 5.1.3.2-2 find the closest TBS less than  that is not less than  closest to.


6. Reference
3GPP TS 38.214 V15.0.0 (2018.02), NR; Physical layer procedures for data (Release 15).
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