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Introduction
In 38.214 V15.0.0, the following procedure for determining TBS is specified:
[bookmark: _Toc501048167]5.1.3.2	Transport block size determination
Some parts omitted
1)	The UE shall first determine the number of REs (NRE) within the slot. 






[bookmark: _Hlk500489688]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in the frequency domain in a physical resource block,   is the number of scheduled OFDM symbols in a slot,   is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 1_0/1_1, and   is the overhead configured by higher layer parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0. 

-	A UE determines the quantized number of REs allocated for PDSCH within a PRB (by Table 5.1.3.2-1.
[bookmark: _GoBack]Table 5.1.3.2-1: Quantized number of REs allocated for PDSCH within a PRB
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-	A UE determines the total number of REs allocated for PDSCH (  by  , where nPRB is the total number of allocated PRBs for the UE. 

2)	Intermediate number of information bits (Ninfo) is obtained by .

The intermediate number of information bits is then further processed to determine the final TBS based on considerations from the channel coding session. In this contribution we discuss some issues of the TBS produced by this procedure.
[bookmark: _Ref178064866]Discussion
The quantization in the number of REs introduced by the table can differ a lot from the actual number of REs available for data transmission. Since the actual TBS is calculated based on the quantized number of REs, the actual code rate used can differ significantly from the target code indicated by the MCS table. This has two effects,
1. The effective code rate of the transmission can exceed 0.95, allowing the UE to skip decoding. This gives fewer usable MCS indices when scheduling.
2. The modulation orders are tied to the target code rates in the MCS table. If the actual code rate differs from the target code rate, some of the MCS indices will use a modulation order not well suited for the code rate, lowering the number of usable MCS indices when scheduling.
[bookmark: _Toc504470249]Quantization of the number of REs can lead to the actual rate differing a lot from the target code rate, sometimes exceeding the max rate 0.95.
On paper, it seems like the quantization table increases scheduling flexibility by creating the same TBS for different scheduling decisions. However, there is a quantization step present in the agreed procedure from the channel coding session. Additionally, since the effective code rate can exceed 0.95 when using the quantization table some of the MCS indices become unusable, resulting in lower scheduling flexibility. 
We evaluate the scheduling flexibility and the target code rates in the following study, shown in Figures 1-11. We keep the number of OFDM symbols fixed and let the number of PRBs, the number of layers, and the MCS index vary from 1-273, 1-4, and 0-27 respectively, using the 256QAM MCS table. For each TBS we plot how many MCS indices map to this TBS, not counting the MCS indices that give effective code rate above 0.95. We also plot the actual code rate (assuming that the number of REs allocated for data in a PRB is given by N’RE) divided by the target code rate for all combinations of NPRB, v, and MCS index. 
In Table 1 we show the average of the actual code rate divided by the target code rate for the case with and without the quantization table. Note that the average deviation varies with the number of OFDM symbols. Even in the cases where the average rate deviation is small, the range of the deviation is larger in the case with the quantization table as can be seen in e.g. Figure 6. 
[bookmark: _Ref504462932]Table 1: Average rate deviation as a function of NOFDM
	NOFDM
	Average R/Rtarget quantization
	Average R/Rtarget no quantization

	2
	1.002
	1.0015

	3
	0.71
	1.0006

	4
	1.13
	1.0003

	5
	0.85
	1.0002

	6
	1.17
	1.0002

	7
	0.98
	1.0002

	8
	0.84
	1.0002

	9
	1.11
	1.0001

	10
	0.99
	1.0002

	11
	0.89
	1.0002

	12
	1.08
	1.0002

	13
	0.99
	1.0003

	14
	0.99
	1.0003




[bookmark: _Toc504470250]The code rate mismatch depends on the number of scheduled OFDM symbols. For a given number of scheduled OFDM symbols with mismatch the code is either consistently smaller or consistently larger than the target code rate.
[bookmark: _Toc504470251]In cases where the average rate deviation is small, the range of the deviation is still larger with the quantization table than in cases without.
[bookmark: _Toc504470252]The number of MCS indices that give the same TBS increases rather than decreases without NRE quantization.
[image: ]
Figure 1: 2 OFDM symbols
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Figure 2: 3 OFDM symbols
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Figure 3: 4 OFDM symbols
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Figure 4: 5 OFDM symbols
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Figure 5: 6 OFDM symbols
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[bookmark: _Ref504462975]Figure 6: 7 OFDM symbols
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Figure 7: 8 OFDM symbols
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Figure 8: 9 OFDM symbols
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Figure 9: 10 OFDM symbols
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Figure 10: 11 OFDM symbols
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Figure 11: 12 OFDM symbols
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Figure 12: 13 OFDM symbols
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Figure 13: 14 OFDM symbols
[bookmark: _Toc492554463][bookmark: _Toc492554530][bookmark: _Toc504413143]Based on these results we note that the quantization table in its current form causes big rate mismatches in the TBS calculation. This rate mismatch reduces the number of usable MCS indices either due to the effective code rate being too high, or the modulation order being mismatched to the code rate. Even if the scheduler is aware of these, it significantly reduces scheduling flexibility. We see two ways of alleviating these issues, either not using the table in TBS calculation, or making the table granularity much finer. If not using the table, we still see the usefulness of having a reasonable maximum number of REs available to be used in calculation of e.g. maximum TBS. We have the following text proposal for Sections 5.1.3.2 and 6.1.4.2:
/************************ Start of Text Proposal to 38.214 ************************/
5.1.3.2	Transport block size determination
Some text omitted
1)	The UE shall first determine the number of REs (NRE)  within the slot. 






-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in the frequency domain in a physical resource block,   is the number of scheduled OFDM symbols in a slot,   is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 1_0/1_1, and   is the overhead configured by higher layer parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0. 

-	A UE determines the quantized number of REs allocated for PDSCH within a PRB (by Table 5.1.3.2-1.
Table 5.1.3.2-1: Quantized number of REs allocated for PDSCH within a PRB
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-	A UE determines the total number of REs allocated for PDSCH (  by  , where nPRB is the total number of allocated PRBs for the UE. 

2)	Intermediate number of information bits (Ninfo) is obtained by .

[bookmark: _Toc501048218]6.1.4.2	Transport block size determination
Some text omitted
The UE shall first determine the number of REs (NRE) NRE) within the slot: 

-	A UE first determines the number of REs allocated for PUSCH within a PRB  by 





-	, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of scheduled OFDM symbols in a slot,   is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 0_0/0_1, and  is the overhead configured by higher layer parameter Xoh-PUSCH. If the Xoh-PUSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0.

-	A UE determines the quantized number of REs allocated for PUSCH within a PRB (by Table 5.1.3.2-1)




-	A UE determines the total number of REs allocated for PUSCH  by , where  is the total number of allocated PRBs for the UE.
-	Next, proceed with steps 2-5 as defined in Subclause 5.1.3.2


/************************ End of Text Proposal to 38.214 ************************/
[bookmark: _Toc504470271]Adopt the Text Proposal above for 38.214 Section 5.1.3.2 and Sextion 6.1.4.2
Conclusions
In this contribution, we made the following observations:
Observation 1	Quantization of the number of REs can lead to the actual rate differing a lot from the target code rate, sometimes exceeding the max rate 0.95.
Observation 2	The code rate mismatch depends on the number of scheduled OFDM symbols. For a given number of scheduled OFDM symbols with mismatch the code is either consistently smaller or consistently larger than the target code rate.
Observation 3	In cases where the average rate deviation is small, the range of the deviation is still larger with the quantization table than in cases without.
Observation 4	The number of MCS indices that give the same TBS increases rather than decreases without NRE quantization.

We make the following proposals:
Proposal 1	Adopt the Text Proposal above for 38.214 Section 5.1.3.2 and Sextion 6.1.4.2

[bookmark: _In-sequence_SDU_delivery]References
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