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In RAN1#AH-1801 [1], the quantization step and corresponding table of the number of REs allocated for PDSCH within a PRB () were removed [2] [3]. That quantization led to an effective code rate quite different from the nominal code rate and exceeding the value of 0.95 in some cases. The removal of the quantization solved the issue.
In this contribution, we first evaluate the case of  larger than 3824 with the quantization step removed as in [4], and find that the fluctuation of the effective code rate is reduced and the code rate value is less than 0.95. Then we analyze the case of  less than or equal to 3824 following the TBS determination procedure in [4]. We find that the effective code rate can be much higher than the nominal code rate and exceeding 0.95 in some cases. A text proposal to TS 38.214 Subclause 5.1.3.2 to correct the TBS determination procedure when  is less than or equal to 3824 is included.
[bookmark: _Ref477266525]Effective Code Rate versus Nominal Code Rate
In TS 38.214 [4], the effective channel code rate is defined as the number of information bits (including CRC bits) divided by the number of physical channel bits on PDSCH/PUSCH. UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.95. On the other hand, if the TBS determination leads to an effective code rate much higher than nominal code rate, the probability of initial transmission failure can be increased. For both cases, unnecessary HARQ retransmission is activated and the throughput is reduced.
Next we show the results of the evaluation of the effective code rate using the parameters in Table 1. 
Table 1. Simulation setup
	Parameters
	Values

	
	{12:2:156}

	# PRBS, 
	{1,2,3,…,275}

	# Layers, 
	{1,2,3,4}

	MCS index
	{0,1,…,28} for 64QAM MCS table
{0,1,…,27} for 256QAM MCS table

	
	, 3824



Figure 1 shows the effective code rate vs. the TB sizes for MCS index 28 in MCS table of 64QAM and MCS index 27 in MCS table of 256QAM. 
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(a)                                        (b)
Figure 1. Reffective for (a) MCS 28, 64QAM and (b) MCS 27, 256QAM
When  is larger than 3824, the effective code rate is about the same as the nominal code rate and it is less than 0.95.
Observation 1: With the TBS determination procedure in TS 38.214, for Ninfo larger than 3824 the effective code rate is about the same as the nominal code rate and it is less than 0.95.
When  is less than or equal to 3824, we observe that for a number of cases, the effective code rate can be much higher than the nominal code rate and even exceeding 0.95. The reason comes from the following two aspects: 
1) In the TBS determination process, the intermediate number of information bits () should include CRC bits, and the calculated TBS should not include CRC bits. But for  less than or equal to 3824, this is not considered in the current procedure, and the calculated TBS is overvalued by 16 bit (CRC length);
2) TBS is selected by finding the closest item not less than  using a TBS table. 
Figure 2 shows that for a large portion of the cases the effective code rate can be higher than the nominal code rate when  less than 3824 and the difference can be up to 0.2. 
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(a)                                          (b)
[bookmark: _Ref505786088]Figure 2. Histogram of the difference between effective code rate and nominal code rate for Ninfo less than 3824 and (a) MCS table of 64QAM and (b) MCS table of 256QAM

With the current TBS determination procedure [4], when  is less than or equal to 3824, counting the number of cases in which the effective code rate is higher than 0.95:  
(1) For MCS-28 of 64QAM table, UE would skip decoding 555 cases out of 1766, about 31%
(2) For MCS-27 of 256QAM table, UE would skip decoding 336 cases out of 1285, about 26%.
The parameters of these cases are enumerated in the attached .xlsx file.
Observation 2: With the TBS determination procedure in TS 38.214, for Ninfo less than or equal to 3824, there exist cases in which the effective code rate is much higher than the nominal code rate and exceeds 0.95.
Text Proposal
Below is a text proposal for TS 38.214 Subclause 5.1.3.2 to correct the TBS determination procedure for  less than 3824. The reason for change is that, as shown by the evaluation results in Sec.2, for  less than or equal to 3824, there exist cases in which the effective code rate is much higher than the nominal code rate and exceeds 0.95. The modified procedure solves this issue as shown by the evaluation results in Sec.4. 
********************************** TEXT START ***********************************
5.1.3.2	Transport block size determination
--- Text omitted ---

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

If 
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end


3)	When , TBS is determined as follows
-	set 
· 
quantized intermediate number of information bits  , where .

-	use Table 5.1.3.2-2 find the closest TBS that is not less larger than .
********************************** TEXT STOP ************************************
Evaluation
The evaluation results of the modified TBS determination procedure according to the text proposal in Sec.3 are shown in Figures 3 and 4. 
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(a)                                          (b)
Figure 3. Reffective for (a) MCS 28, 64QAM and (b) MCS 27, 256QAM
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(a)                                          (b)
Figure 4. Histogram of the difference between effective code rate and nominal code rate for (a) MCS table of 64QAM and (b) MCS table of 256QAM
It can be observed that, with the proposed modification, the largest difference between nominal and effective code rate is reduced to 0.1. Also, no cases in which the effective code rate exceeds 0.95 were found as summarized in Table 2 and Table 3.
Table 2. Case number count for highest index MCS-28 of MCS table 64QAM
	Procedure
	Total cases
	Cases with Reff>0.95
	Percentage

	TS 38.214 v15.0.0 (2018-02) 
	1766
	555
	31%

	Text Proposal in Sec.3
	1766
	0
	0%



Table 3. Case number count for highest index MCS-27 of MCS table 256QAM
	Procedure
	Total cases
	Cases with Reff>0.95
	Percentage

	TS 38.214 v15.0.0 (2018-02) 
	1285
	336
	26%

	Text Proposal in Sec.3
	1285
	0
	0%


[bookmark: _GoBack]Observation 3: The correction to the TBS determination procedure as in the text proposal in Sec.3 solves the effective code rate issue for Ninfo less than or equal to 3824.
Conclusion
This contribution analyzes the TBS determination procedure. We have the following observations: 
Observation 1: With the TBS determination procedure in TS 38.214, for Ninfo larger than 3824 the effective code rate is about the same as the nominal code rate and it is less than 0.95.
Observation 2: With the TBS determination procedure in TS 38.214, for Ninfo less than or equal to 3824, there exist cases in which the effective code rate is much higher than the nominal code rate and exceeds 0.95.
Observation 3: The correction to the TBS determination procedure as in the text proposal in Sec.3 solves the effective code rate issue for Ninfo less than or equal to 3824.
Based on the evaluation of the text proposal in Sec.3 we propose the following:
Proposal: Endorse the text proposal to TS 38.214 Subclause 5.1.3.2 in Sec.3.
References
[1] [bookmark: _Ref477333292][bookmark: _Ref502762319][bookmark: _Ref505697482]Chairman’s notes in 3GPP TSG RAN WG1 #AH_1801
[2] [bookmark: _Ref505697484]R1-1801224, “Text Proposal for Quantization of Number of REs in TBS Determination”, Ericsson, 3GPP TSG RAN WG1 Meeting AH 1801
[3] [bookmark: _Ref505697486]R1-1801225, “Text Proposal for TBS Determination for LDPC Codes”, Ericsson, 3GPP TSG RAN WG1 Meeting AH 1801
[4] R1-1801294, 3GPP TS 38.214 v15.0.0 (2018-02)


image3.emf
R

effective

-R

nominal

-0.3 -0.2 -0.1 0 0.1 0.2

L

o

g

1

0

 

O

c

c

u

r

e

n

c

e

0

1

2

3

4

5

6


image4.emf
R

effective

-R

nominal

-0.3 -0.2 -0.1 0 0.1 0.2

L

o

g

1

0

 

O

c

c

u

r

e

n

c

e

0

1

2

3

4

5

6


image5.wmf
u

×

×

×

=

m

RE

o

Q

R

N

N

inf


oleObject1.bin

image6.wmf
3824

inf

£

o

N


oleObject2.bin

oleObject3.bin

image7.wmf
÷

÷

ø

ö

ç

ç

è

æ

ú

û

ú

ê

ë

ê

×

=

n

o

n

o

N

N

2

2

,

24

max

inf

'

inf


oleObject4.bin

image8.wmf
(

)

ë

û

(

)

6

log

,

3

max

inf

2

-

=

o

N

n


oleObject5.bin

image9.wmf
'

inf

o

N


oleObject6.bin

image10.png
MCS table 64QAM, MCS-28

108

108

104

100

TBS




image11.png
Rmm\u

MCS table 256QAM, MCS 27

0%

o0se

o087

056





image12.emf
R

effective

-R

nominal

-0.3 -0.2 -0.1 0 0.1 0.2

L

o

g

1

0

 

O

c

c

u

r

e

n

c

e

0

1

2

3

4

5

6


image13.emf
R

effective

-R

nominal

-0.3 -0.2 -0.1 0 0.1 0.2

L

o

g

1

0

 

O

c

c

u

r

e

n

c

e

0

1

2

3

4

5

6


image1.png
Rmm\u

MCS table 64QAM, MCS-28

0%

o0se

o087

056

055

094

058

0%

08
102

100 104 10% 108





image2.png
MCS table 256QAM, MCS 27

0%

o0se

o087

056

08
102

100 104 10% 108





