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In RAN1-AH#2 [1], the agreement below was achieved for NR coding chain. 
Proposal to be checked until RAN1#90 after LDPC design is complete: 
· LTB-CRC = 16 bits for TBs smaller than e.g. 1008 or 8432 bits
· LCB-CRC = 8 bits
· Checking other values is not precluded

Agreement: 
· CBG-level CRC is not adopted

This contribution continues to investigate the CRC attachment for TB and CB, as well as the capability of CBG level feedback. 
Requirements on CRC
In LTE, 24-bit CRC is attached for each transport block (TB) to enable MAC layer forward error detection [1]. If TB size is larger than 6120 bits, one transport block is segmented into multiple code blocks (CBs), each attached with a 24-bit CRC. The generator polynomial of CB-level CRC and TB-level CRC are different. With the CB-level CRC, BS or UE can early stop CB decoding before reaching max iterations if the decoded bits pass CRC, and can early stop TB decoding if one CB is wrong (not pass CB CRC with the max iteration number).  With such two-level early stopping scheme it was proved that the total required hardware resources and run-time power are reduced by at least 25% and 20%, respectively [2]. 
In NR, CB group (CBG) was agreed as the smallest retransmission unit for large TBS to improve retransmission efficiency. As a consequence, CBG-level A/N feedback is necessary, and a reliable CBG-level error detection method is needed. Besides, considering that the total number of CBs in one CBG can be up to tens, CB and CBG level early stopping method are required for power-saving. For small TBS, CB may not be grouped, and in this case the same CRC attachment scheme as LTE is enough to enable TB error detection, and CB and TB level early stopping. 
Observation 1: CRC attachment for NR eMBB data channel should consider TB, CB and CBG level error detection with limited false alarm rate considering LDPC inherent error detection capability.
LDPC inherent error detection capability
In this section, we firstly investigate the inherent error detection capability of LDPC codes agreed in the last RAN1 meeting. The decoding algorithm is flooding BP with 50 iterations, and code rate varies from 1/5 to 8/9 for the two base graphs. K ranges from 104 to 512 for BG2 and from 512 to 1024 for BG1. The absolute and conditional FARs are defined below:
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Figure 1 Error detection capability of LDPC BG1 parity check
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Figure 2 Error detection capability of LDPC BG2 parity check
Figures 1 and 2 show absolute and conditional FARs and BLER for BG1 and BG2, respectively. The conditional FAR shows that the error detection capability of parity checks becomes weaker when BLER decreases. However, for TB-CRC design, we should focus on the absolute FAR which reflects the miss detected errors delivered to upper layers. The highest absolute FAR is about 3e-3, appearing at K=104 and R=2/3 for BG2. 
The second point we should address is whether the parity check error detection capability is independent of the detection capability of CRC. If yes, we can simply find the worst FAR by parity checking, and calculate how many CRC bits are needed to achieve the FAR target. In order to run fast simulations, 4-bit CRC is applied to generate Figure 3. It is clear that a gap of about 2e-4 constantly exists between FAR with/wo CRC, revealing the independence between those two error detection schemes.
[image: ]
[image: ]
[bookmark: _GoBack]Figure 3 Independence between parity check and attached CRC
CRC attachment design 
TB-CRC length for small TBS
Based on Observation 1, for NR it is adopted a similar CRC attachment structure as for LTE. Figure 4 illustrates the CRC attachment and CB grouping for NR, where TB and CB level CRC lengths are to be determined. 

 (
Transport Block
CRC-B
CRC-A
CRC-B
CRC-B
CRC-A
CBG
 1
CBG
 M
)
Figure 4 CRC attachment and CB grouping
TB-CRC length is agreed to be 24-bit when TBS is larger than a threshold. First of all, 24-bit TB-CRC length can achieve reliable TB-level error detection. It is well-known that the maximum TB length should not exceed 2r-1-r-1 to ensure stable error detection for single, double, triple and any odd number of errors [3], where r is the CRC length. 24-bit CRC supports 8,388,583 bits of maximum TBS but 16-bit CRC only supports 32,751 bits of maximum TBS. 
When TBS is smaller than the threshold, the parity check bits are helpful to reduce the CRC length. The above simulations prove that when TBS is smaller than 1008 bits, 16-bit TB-CRC plus parity checking is sufficient to maintain the required FAR of about 1e-6. 
Proposal 1: To keep FAR_tb<10^(-6), the length of TB-CRC is 16 bits for TBS smaller than 1008 bits.   
CB-CRC length
Due to LDPC inherent error detection capability, CB CRC length can be less than 24 bits. However, once CB CRC is applied, TB must be larger than 8448. After segmentation, the minimum CBS is at least larger than 4224. Independently if CRC length is 16 or 24 bits, that does not have any obvious impact on BLER performance. If CBG is applied (e.g. there are more than one CB in a CBG), we should consider CB and CBG level early stopping and CBG error detection capability. CBG can feedback ACK only if all CBs within this CBG passed their own CRC. In this manner, the requirement for CBG error detection is realized. One concern is the FAR of CBG, PCBG, expressed as follows:


where PCB is the FAR of one CB, and M denotes the number of CBs in one CBG. Let’s assume PCB equals to 2^(24+α), whereαis the extra false alarm detection capability due to LDPC inherent detection feature. The baseline PCBG is the FAR of 24-bit CRC. 
Figure 5 shows PCBG with α=4, 6, 8 and M=1:25. In most cases, 24-bit CB CRC is sufficient to support reliable CBG error detection. Learning from [4], LDPC inherent detection capability is equivalent to 8-bit CRC length, thus we can conclude 24-bit CRC is enough for CBG feedback with FAR lower than 2^(-24). 
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Figure 5 False alarm rate of a CBG for large TBS
Proposal 2: A 24-bit CB CRC should be applied for NR eMBB data channel. 
Proposal 3: One CBG error should be detected by checking CRC of every CB within the CBG.
Conclusions
This contribution discusses the design of CRC attachment for NR eMBB data channel. 
Observation 1: CRC attachment for NR eMBB data channel should consider TB, CB and CBG level error detection with limited false alarm rate considering LDPC inherent error detection capability.
In summary, the proposed design has the following characteristics: 
Proposal 1: To keep FAR_tb<10^(-6), the length of TB-CRC is 16 bits for TBS smaller than 1008 bits.
Proposal 2: A 24-bit CB CRC should be applied for NR eMBB data channel. 
Proposal 3: One CBG error should be detected by checking CRC of every CB within the CBG.
References
[bookmark: _Ref490247517][bookmark: _Ref470853125]R1-073108, “Analysis of per code block CRC and per transport block CRC”, Samsung
[bookmark: _Ref478116885][bookmark: _Ref490247524][bookmark: _Ref470873525]J. F. Cheng and H. Koorapaty, "Error Detection Reliability of LTE CRC Coding," 2008 IEEE 68th Vehicular Technology Conference, Calgary, BC, 2008, pp. 1-5.Press, WH; Teukolsky, SA; Vetterling, WT; Flannery, BP (2007). "Section 22.4 Cyclic Redundancy and Other Checksums". Numerical Recipes: The Art of Scientific Computing (3rd ed.). New York: Cambridge University Press. ISBN 978-0-521-88068-8.
[bookmark: _Ref490247790]Press, WH; Teukolsky, SA; Vetterling, WT; Flannery, BP (2007). "Section 22.4 Cyclic Redundancy and Other Checksums". Numerical Recipes: The Art of Scientific Computing (3rd ed.). New York: Cambridge University Press. ISBN 978-0-521-88068-8.
[bookmark: _Ref471800606]R1-1611327, “Investigation of LDPC Codes for Control Channel of NR”, Ericsson.
image3.emf
SNR [dB]

2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

F

A

R

/

B

L

E

R

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG1 R23 K=1024

BLER

cond FAR

abs FAR


image4.emf
SNR [dB]

2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

F

A

R

/

B

L

E

R

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG1 R23 K=512

BLER

cond FAR

abs FAR


image5.emf
SNR [dB]

2 2.5 3 3.5 4 4.5 5

F

A

R

/

B

L

E

R

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG2 R23 K=512

BLER

cond FAR

abs FAR


image6.emf
SNR [dB]

2 2.5 3 3.5 4 4.5 5

F

A

R

/

B

L

E

R

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG2 R23 K=104

BLER

cond FAR

abs FAR


image7.emf
SNR [dB]

-4.4 -4.2 -4 -3.8 -3.6 -3.4 -3.2 -3

F

A

R

/

B

L

E

R

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG2 R15 K=512

BLER

cond FAR

abs FAR


image8.emf
SNR [dB]

-4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1

F

A

R

/

B

L

E

R

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG2 R15 K=104

BLER

cond FAR

abs FAR


image9.emf
SNR [dB]

-1 -0.5 0 0.5 1 1.5 2

F

A

R

/

B

L

E

R

10

-8

10

-6

10

-4

10

-2

10

0

BG2 R25 K=256

BLER

cond FAR

abs FAR

cond FAR with 4-CRC

abs FAR with 4-CRC


image10.emf
SNR [dB]

6 6.5 7 7.5

F

A

R

/

B

L

E

R

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG1 R89 K=1024

BLER

cond FAR

abs FAR

cond FAR with 4-CRC

abs FAR with 4-CRC


image11.wmf
(

)

11

M

CBGCB

PP

=--


oleObject1.bin

image12.png
FAR of CBG

107

108

109

1010

10

e in cBa

15

20

25




image1.emf
SNR [dB]

6 6.5 7 7.5

F

A

R

/

B

L

E

R

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG1 R89 K=1024

BLER

cond FAR

abs FAR


image2.emf
SNR [dB]

6 6.5 7 7.5

F

A

R

/

B

L

E

R

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

BG1 R89 K=512

BLER

cond FAR

abs FAR


