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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 MCS option Tables 1 and 2 in [1]. 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 index 27 in Tables 1 and 2 in [1]
	Previous
TBS
	Selected
TBS
	
	
	Nominal code rate
()
	Effective code rate

	1064
	1128
	1072
	1176, 1182
	0.9258
	0.9592, 0.9543

	1352
	1416
	1360
	1488
	0.9258
	0.9516

	1928
	2024
	1936
	2112, 2124, 2130
	0.9258
	0.9583, 0.9529, 0.9502

	2280
	2408
	2304
	2502,2508, 2520
	0.9258
	0.9624, 0.9601, 0.9556

	2280
	2408
	2336
	2532
	0.9258
	0.9510

	2856
	2976
	2880
	3120, 3132
	0.9258
	0.9538, 0.9502

	2976
	3104
	3008
	3258, 3264
	0.9258
	0.9527, 0.9510

	3104
	3240
	3136
	3402, 3408
	0.9258
	0.9524, 0.9507

	3240
	3368
	3264
	3540
	0.9258
	0.9514


Table. 1-1. TBS that effective code rates are higher than 0.95 for MCS index 27 in Table 1
	Previous
TBS
	Selected
TBS
	
	
	Nominal code rate
	Effective code rate

	1064
	1128
	1072
	1176, 1184
	0.9258
	0.9592, 0.9527

	1352
	1416
	1360
	1488
	0.9258
	0.9516

	1928
	2024
	1936
	2122, 2120, 2128
	0.9258
	0.9583, 0.9547, 0.9511

	2280
	2408
	2304
	2512, 2520, 2528
	0.9258
	0.9586, 0.9556, 0.9525

	2856
	2976
	2880
	3120, 3128
	0.9258
	0.9538, 0.9514

	2976
	3104
	3008
	3264
	0.9258
	0.9510

	3104
	3240
	3136
	3400, 3408
	0.9258
	0.9529, 0.9507

	3240
	3368
	3264
	3536
	0.9258
	0.9525


Table. 2-2. TBS 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 27 in both Tables 1 and 2, the effective code rates are higher than the maximum supportable code rate 0.95 for TBS values of 1128, 1416, 2024, 2408, 2976, 3104, 3240 and 3368. 
Observation 2: For MCS index 27 in both 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.
1) The effective code rate is higher than the maximum supportable code rate 0.95
- For the given , the TBS value is overestimated due to the TBS determination rule that the selected TBS value is not less than  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. 
2) The gap between the nominal code rate and effective code rate is large in the short information regime 
- Even though the TBS values are already quantized in the TBS Table 5.1.3.2-2, the unnecessary quantization from  to  is performed in the TBS determination which induces the significant uncertainty and the effective code rate distortion happens especially in the short information size regime. 

From above analysis, we can remark the following observation.
Observation 3: Unnecessary quantization from  to  and TBS determination rule that the closest one among the TBS values greater than  is selected induces the effective code rate distortion especially in the short information size regime.



3. Proposed Solutions
3.1 Proposal 1: Adjustment of TBS determination rule

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 that is closest to  if  and the closest TBS that is not less than  otherwise”. 
 Proposal 1 is the minimal change of the conventional approach which only focuses on the avoidance of the occurrence of the effective code rate higher than the maximum supportable code rate 0.95. Fig. 2 confirms that the effective code rate is always lower than maximum supportable code rate 0.95. However, the corresponding approach still does not solve the issue that the effective code rate is far from the nominal code rate.
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Figure 2. Nominal and effective code rates comparison of the conventional approach in [1] and Proposal 1 using MCS index 27 in Tables 1 and 2 according to TBS for 




3.2 Proposal 2: Adjustment of TBS determination rule with removal of information bit quantization

As mentioned earlier, the quantization from  to  leads to the effective code rate distortions especially in the short information size. Fundamentally, in order to solve the effective code rate distortion, it is necessary to use  itself or quantize it a little bit. Removal of the information size quantization does not affect the scheduling flexibility because the TBS values are already aligned according to the TBS Table 5.1.3.2-2 in [1]. Hence, we have the following proposal.

Proposal 2: In Step 3), replace “quantized intermediate number of information bits , where ” and “ Table 5.1.3.2-2 find the closest TBS that is less than ” with “intermediate number of information bits ” and “ Table 5.1.3.2-2 find the TBS that is closest to  and less than ”. 
 Here,  and  in NR. As shown in Fig. 3, Proposal 2 can significantly improve the effective code rate distortion. In addition, from the Fig. 4, we can observe the following observation.

Observation 4: Proposal 2 can provide a wide range of effective code rates as the nominal code rate range, whereas the range of effective code rates that the conventional approach actually can provide is narrow especially in the short information size. 
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Figure 3. Nominal and effective code rates comparison of the conventional approach in [3] and Proposal 2 using MCS indices 6, 13, 20 and 27 in Table 2 for 
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Figure 4. Overall effective code rate range comparison of the conventional approach in [1] 
and Proposal 2 using MCS index Table 2 according to TBS values from 24 to 168

3.3 Proposal 3: Adjustment of TBS determination rule and information bit quantization

Proposal 3: In Step 3), replace “quantized intermediate number of information bits , where ” and “ Table 5.1.3.2-2 find the closest TBS that is less than ” with “quantized intermediate number of information bits ” and “ Table 5.1.3.2-2 find the TBS that is closest to ”. 
In Proposal 3,  is aligned the closest byte-aligned integer that is less than . As shown in Figs. 5 and 6, Proposal 3 can significantly improve the effective code rate distortion as similarly in Proposal 2 since  is assigned  with the minimal quantization. 

[image: ]
Figure 5. Nominal and effective code rates comparison of the conventional approach in [1] and Proposal 3 using MCS indices 6, 13, 20 and 27 in Table 2 for 
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Figure 6. Overall effective code rate range comparison of the conventional approach in [1] and 
Proposal 3 using MCS index Table 2 according to TBS values from 24 to 168


4. Conclusion
We made the following observations and proposals in this contribution: 

Observation 1: For MCS index 27 in both Tables 1 and 2, the effective code rates are higher than the maximum supportable code rate 0.95 for TBS values of 1128, 1416, 2024, 2408, 2976, 3104, 3240 and 3368. 
Observation 2: For MCS index 27 in both 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. 
Observation 3: Unnecessary quantization from  to  and TBS determination rule that the closest one among the TBS values greater than  is selected induces the effective code rate distortion especially in the short information size regime.
Observation 4: Proposal 2 can provide a wide range of effective code rates as the nominal code rate range, whereas the range of effective code rates that the conventional approach actually can provide is narrow especially in the short information size. 
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 that is closest to  if  and the closest TBS that is not less than  otherwise”. 
Proposal 2: In Step 3), replace “quantized intermediate number of information bits , where ” and “ Table 5.1.3.2-2 find the closest TBS that is less than ” with “intermediate number of information bits ” and “ Table 5.1.3.2-2 find the TBS that is closest to  and less than ”. 
Proposal 3: In Step 3), replace “quantized intermediate number of information bits , where ” and “ Table 5.1.3.2-2 find the closest TBS that is less than ” with “quantized intermediate number of information bits ” and “ Table 5.1.3.2-2 find the TBS that is closest to ”. 

5. Text proposal for TS 38.214

Anyone of Proposals can solve the effective code rate distortion to a certain extent. However, we prefer to the Proposal 2 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 that is not less than  is closest to  and less than .
[bookmark: _GoBack]
6. Reference
3GPP TS 38.214 V15.0.0 (2018.02), NR; Physical layer procedures for data (Release 15).
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