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Introduction
In RAN1#88bis, it was agreed that the number of TB-level CRC bits is LTB,CRC = 24, at least for TBs larger than a threshold. The remaining issue is how to determine the threshold value and the value of LTB,CRC for TBs smaller than the threshold.
	Agreement:
· Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)
· FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)
· If a TB is segmented into 2 or more CBs after code block (CB) segmentation,
· CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)
· Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits
· Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability
· FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG
· To be decide after decision on the value(s) of LCB,CRC 



In this contribution, we will analyse the FAR (false alarm rate) performance of the selected LDPC codes and discuss how to find a proper number for LTB,CRC. Furthermore, based on simulation results, we propose the threshold value for TB length and LTB,CRC for TBs smaller than the threshold.
CRC Bits for Transport Block
Since LDPC codes have self-error-detection capability, the number of CRC bits for NR to achieve the target false alarm rate (FAR) can be reduced compared to LTE which uses turbo code. For given system target FAR () and FAR for own LDPC decoding (), a proper number for TB-level CRC bits (LTB,CRC) should satisfy 

Therefore, in order to decide a proper number for LTB,CRC, we first need to evaluate the FAR performance of the LDPC codes without CRC. Note that since the inherent error detection capability of LDPC code improves as the code block size increases, it would be sufficient to check the FAR performance of the LDPC code with the shortest TB or CB size. 
For the LDPC codes with BG2, we assume that the minimum block size is 40. Details of simulation parameters for computer simulation to analyse the FAR performance of the BG2 LDPC codes without CRC are presented in Table 1. 
As shown in Figure 1, the maximum FAR is about 0.018 for the LDPC code of length 40 with BG2. Therefore, at least 19 CRC bits are required to achieve a target FAR 2-24 in LTE since . It seems that at least 20 CRC bits are sufficient even if a margin is considered. Clearly, if the minimum block size is larger than 40, the number of required CRC bits is smaller since the FAR performance of LDPC codes is improved. 
Observation 1: LDPC codes with BG2 require at least 20 TB-level CRC bits, under the assumption of the minimum block size 40 and target FAR 2-24.
Table 1:  Simulation Assumptions for BG2
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	LDPC BG#2

	Code rate
	1/5, 1/3, 2/5, 1/2, 2/3

	Decoding algorithm
	Sum-product algorithm with flooding scheduling (iter=50)

	Info. block length (K)
	40
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Figure 1. BLER and FAR performance of LDPC Codes corresponding to BG2

We have not decided the minimum block size for LDPC codes with BG1 yet. Due to the existence of LDPC codes with BG2, we need more discussions on a proper minimum block size for BG1. For this reason, we evaluate the FAR performance of LDPC codes with BG1 for several small block sizes. Details of evaluation assumptions are given in Table 2. We conduct simulations for several code rates and code block sizes of 128 + 64*i (i = 0, 1, 2, …, 9). We present the performance results for BLER and FAR for each code block size in Appendix. 

Table 2:  Simulation Assumptions for BG1
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	LDPC BG#1

	Code rate
	1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	Sum-product algorithm with flooding scheduling (iter=50)

	code block size (K)
	128:64:704


In Figure 2, we present the maximum FAR for each code block size and code rate. Based on the condition  to achieve a target FAR 2-24, we can decide the number of required CRC bits for each code block size, as shown in Observation 2. 

Observation 2: LDPC Codes with BG1 requires at least Y TB-level CRC bits for each min CBS X.
	X (CBS)
	Y (CRC bits)

	128
	19

	192
	18

	256
	17

	320
	16

	384
	15

	448
	15

	512
	15
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Figure 2. Max FARs According to Code Block Sizes and Code Rates 

Proposal 1: When using LDPC codes with BG2 for channel coding, adopts 20 ~ 24 bits TB-level CRC.
Proposal 2: 
When using LDPC codes with BG1 for channel coding, the number of TB-level CRC bits, Y should be decided after the discussion on the minimum code block size. 
If TB size is larger than the threshold (8448 – Y), adopts 24 bits TB-level CRC. 

Observations and Proposal
In this contribution, we present the following observations and proposals:
Observation 1: LDPC codes with BG2 require at least 20 TB-level CRC bits, under the assumption of the minimum block size 40 and target FAR 2-24.
Observation 2: LDPC Codes with BG1 requires at least Y TB-level CRC bits for each min CBS X.
	X (CBS)
	Y (CRC bits)

	128
	19

	192
	18

	256
	17

	320
	16

	384
	15

	448
	15

	512
	15



Proposal 1: When using LDPC codes with BG2 for channel coding, adopts 20 ~ 24 bits TB-level CRC.
Proposal 2: 
When using LDPC codes with BG1 for channel coding, the number of TB-level CRC bits, Y should be decided after the discussion on the minimum code block size. 
If TB size is larger than the threshold (8448 – Y), adopts 24 bits TB-level CRC. 
References
[1] Chairman’s note, 3GPP TSG RAN WG1 #88bis, Spokane, WA, 3-7 April 2017.
[2] R1-1713657, “CRC for Transport Block,” 3GPP TSG RAN WG1#90, Prague, Czechia, 21-25 Aug. 2017.
Appendix
[image: ]
Figure 3. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=128)
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Figure 4. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=192)
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Figure 5. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=256)
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Figure 6. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=320)
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Figure 7. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=384)
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Figure 8. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=448)
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Figure 9. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=512)
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Figure 10. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=576)
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Figure 11. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=640)
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Figure 12. BLER and FAR performance of LDPC Codes corresponding to BG1 (K=704)
[bookmark: _GoBack]
image3.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

~~~~~~~ BLER R=8/9 ——FAR R=8/9
| BLER R=5/6 ——FARR=5/6
S BLER R=3/4 ——FARR=3/4
.- BLER R=2/3 ——FARR=2/3
~~~~~~~ BLER R=1/2 ——FARR=1/2
~~~~~~~ BLER R=2/5 ——FARR=2/5

BLER R=1/3. ——FARR=1/3

ES/NO [dB]





image4.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

~~~~~~~ BLER R=8/9 ——FARR=8/9
S (PR BLER R=5/6 ——FARR=5/6
R BLER R=3/4 ——FARR=3/4
“| -~ BLER R=2/3 ——FARR=2/3

....... BLER R=1/2 ——FARR=1/2
....... BLER R=2/5 ——FARR=2/5

....... BLER R=1/3 ——FARR=1/3

4 6 8
ES/NO [dB]





image5.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

....... BLER R=8/9
....... BLER R=5/6

....... BLER R=3/4

... BLER R=2/3
....... BLER R=1/2
....... BLER R=2/5

——FAR R=8/9
——FARR=5/6
——FAR R=3/4
——FARR=2/3
——FARR=1/2
——FARR=2/5

....... BLER R=1/3

——FARR=1/3

%

2

s
ES/NO [dB]





image6.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

BLER R=8/9 —— FAR R=8/9
BLER R=5/6 ——FARR=5/6
BLER R=3/4 ——FARR=3/4
BLER R=2/3 ——FARR=2/3
BLERR=1/2 ——FARR=1/2
BLER R=2/5 ——FARR=2/5

BLER R=1/3 ——FARR=1/3

ES/NO [dB]





image7.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

BLER R=8/9
BLER R=5/6
BLER R=3/4

- BLER R=2/3

BLER R=1/2
BLER R=2/5

—FARR=8/9
—FARR=5/6
——FARR=3/4
——FARR=2/3
——FARR=1/2
——FARR=2/5

BLER R=1/3

—FARR=1/3

3
ES/NO [dB]





image8.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

BLER R=8/9
BLER R=5/6
BLER R=3/4

- BLER R=2/3

BLER R=1/2
BLER R=2/5

——FARR=8/9
——FARR=5/6
——FARR=3/4
—FARR=2/3
——FARR=1/2
——FARR=2/5

BLER R=1/3

——FARR=1/3





image9.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

....... BLER R=8/9 ——FARR=8/9
....... BLER R=5/6 ——FARR=5/6
....... BLER R=3/4 ——FARR=3/4

. BLER R=2/3 ——FARR=2/3
) e BLER R=1/2 ——FARR=1/2
....... BLER R=2/5 ——FARR=2/5

....... BLER R=1/3 ——FARR=1/3

1 1 3
ES/NO [dB]

y \/ /\/."\/





image10.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

BLER R=8/9 ——FARR=8/9
BLER R=5/6 ——FARR=5/6
BLER R=3/4 ——FARR=3/4
BLER R=2/3 ——FARR=2/3
BLER R=1/2 ——FARR=1/2
BLER R=2/5 ——FARR=2/5

BLER R=1/3 ——FARR=1/3

ES/NO [dB]





image11.png
BLER & FAR

~~~~~~~ BLER R=8/9 ——FARR=8/9
~~~~~~~ BLER R=5/6 ——FARR=5/6
R BLER R=3/4 ——FARR=3/4
1.E-01 o BLER R=2/3 ——FARR=2/3

E ; " 5 [ BLER R=1/2 ——FARR=1/2
5| = BLER R=2/5 ——FARR=2/5

1.E+00 - e - e

1.E-02

....... BLER R=1/3 ——FARR=1/3

1.E-03

1.E-05

- AN

ES/NO [dB]





image12.png
BLER & FAR

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

BLER R=8/9 ——FARR=8/9
BLER R=5/6 ——FARR=5/6
BLER R=3/4 ——FARR=3/4
BLER R=2/3 ——FARR=2/3
BLER R=1/2 ——FARR=1/2
BLER R=2/5 ——FARR=2/5

BLER R=1/3 ——FARR=1/3

-3

PO AR

ES/NO [dB]





image1.png
BLER & FAR

1.E+00

e BLER R=2/3 ——FARR=2/3
~~~~~~~ BLER R=1/2 ——FARR=1/2
SR P BLER R=2/5 ——FARR=2/5

I BLER R=1/3 ——FARR=1/3

B I BLER R=1/5 ——FARR=1/5

1.E-01

1.E-03 | - | ¢ L
5 3 1 1 3 5
ES/NO [dB]





image2.png
Max FAR

1.E+00

1.E-01

1.E-02

N
m
S
@®

1.E-04

1.E-05

—Max FAR, R=8/9
—Max FAR, R=5/6
—Max FAR, R=3/4
—Max FAR, R=2/3
—Max FAR, R=1/2
——Max FAR, R=2/5
——Max FAR, R=1/3

64 128 192 256 320 384 448 512 576 640

Information Size

704





