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Introduction
In RAN1#86bis, the following agreements were reached: 

Agreement:
· The channel coding scheme for eMBB data is LDPC, at least for information block size > X
· FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X
· The selection will focus on all categories of observation, including overall implementation complexity, regardless of the number of coding schemes in the resulting solution (except if other factors are generally roughly equal)
· The value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account
· The channel coding scheme(s) for URLLC, mMTC and control channels are FFS

In this contribution, we presented performance of further enhanced turbo codes for eMBB data with information block size <= X bits. 
Tail-biting Turbo Codes (TBTC)
[bookmark: _Ref462125875]Instead of tailed version of turbo codes as in 3GPP LTE [1], the turbo codes can be modified slightly and made tail-biting. 
The tail-biting turbo codes of rate 1/3 is illustrated in Figure 1. The transfer function of the 8-state constituent code for the PCCC is the same as that in [1]:
	G(D) = [image: ],
where
	g0(D) = 1 + D2 + D3,
g1(D) = 1 + D + D3.
Instead of trellis termination used in 3GPP TS 36.212 [1], tail-biting encoding for each component code is performed. This is applicable to LTE rate 1/3 turbo code as well as the proposed rate 1/5 turbo code in [4]. When trellis termination was used in 3GPP TS 36.212, 12 tail bits are padded at the end of encoding information bits. When using the tail-biting constituent codes, the 12 tail bits are avoided. For short info block sizes, saving 12 tail bits allows visible improvement of code performance [6][7][8].
In this study, the QPP interleaver and circular-buffer rate matching mechanisms are resused from LTE turbo codes (TC). For the 8-state turbo codes considered here, tail-biting encoding is not possible when the block size is a multiple of 7. Hence, all QPP interleavers of sizes that are multiples of 7 are not used. When the QPP interleaver size is larger than the data block size, zero filling and partial depadding are applied per 3GPP TS 36.212 [1].




Figure 1.	Structure of rate 1/3 tail-biting turbo encoder, modified from LTE turbo code.

Performance of TBTC Compared to LTE Turbo Codes
In this section, tail-biting turbo code (TBTC) performance is compared with that of LTE tailed turbo codes (TC). Further details of the waterfall curves of both TBTC and TC can be found in the Appendix.
The simulation study was done for:
· Information block sizes of K={40, 48, 64, 80, 100, 120, 200, 400, 600, 1000} bits;
· Code rates R = {0.89, 0.80, 0.73, 0.67, 0.50, 0.40, 0.33, 0.20}.
The performance curves show that:
· For smaller information block sizes, TBTC provides gains over TC across all code rates. The gains at high codes can be very substantial when LTE turbo codes exhibit a premature error floor.
· For larger information block sizes, TBTC provides gains over TC mostly for high code rates when LTE turbo codes exhibit a premature error floor.

Based on the above discussion, we propose the following.

1. Tail-biting turbo codes should be considered for eMBB data with short information block sizes.
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Conclusion
[bookmark: _GoBack]In this contribution, we presented the simulation results of tail-biting turbo codes, which is modified from the LTE turbo codes. Based on the discussion, we have the following proposal:

1. Tail-biting turbo codes should be considered for eMBB data with short information block sizes.
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Appendix. BLER Performance of TBTC and LTE Turbo Codes
[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]




image3.png
Es/No [dB]

105

10

9.5

=0.89, QPSK, AWGN

— %~ TC@0.1%BLER
— %~ TC@ 1% BLER
~ -~ TC@10% BLER
—6&—TBTC @ 0.1% BLER
—&—TBTC @ 1% BLER
& TBTC @ 10% BLER

40 48

64 80 102120 200 400 600 103

Info Length




image4.png
10

Es/No [dB]

=0.80, QPSK, AWGN

— %~ TC@0.1%BLER
— %~ TC@ 1% BLER

~ -~ TC@10% BLER
—6&—TBTC @ 0.1% BLER
—&—TBTC @ 1% BLER
& TBTC @ 10% BLER

40 48

64 80 102120

200 400 600
Info Length




image5.png
Es/No [dB]

r=0.73, QPSK, AWGN

— %~ TC@0.1%BLER

— %~ TC@ 1% BLER

~ -~ TC@10% BLER
—6&—TBTC @ 0.1%BLER
—&—TBTC @ 1% BLER
& TBTC @ 10%BLER

40 48

64 80 102120

200 400 600
Info Length




image6.png
=0.67, QPSK, AWGN

7.5
X — %~ TC@O0A%BLER
LA — %~ TC@1%BLER
N ~ -~ TC@10% BLER
65 \ e

Es/No [dB]
o

Y —6&—TBTC @ 0.1% BLER
—&—TBTC @ 1% BLER
& TBTC @ 10% BLER

40 48

64 80 102120 200 400 600
Info Length




image7.png
Es/No [dB]

=050, QPSK, AWGN

a5

N — %~ TC@0.1%BLER
— %~ TC@ 1% BLER
~ -~ TC@10% BLER
—6&—TBTC @ 0.1% BLER
—&—TBTC @ 1% BLER
& TBTC @ 10% BLER

1
40 48 64 80 102120 200 400 600 10

Info Length




image8.png
Es/No [dB]

1=0.40, QPSK, AWGN

3
Y
N X~ TC@OI%BLER
25 — %~ TC@ 1%BLER
- TC@10%BLER
——TBTC @ 0.1% BLER
25 —&—TBTC @ 1% BLER
~ TBTC @ 10% BLER
15
1
05
0
05

40 48 64 80 102120 200 400 600 10
Info Length




image9.png
=0.33, QPSK, AWGN

2
~ — % — TC @0.1% BLER
1.5¢ — « — TC @ 1% BLER
~ - TC@ 10% BLER
—&— TBTC @ 0.1% BLER
1 ——TBTC @ 1% BLER
< TBTC @ 10% BLER
D o5
)
z
F 0
i
05
El
15

40 48 64 80 102120

200 400 600 103
Info Length




image10.png
=020, QPSK, AWGN

— %~ TC@0.1%BLER
— %~ TC@ 1% BLER

~ -~ TC@10% BLER
—6&—TBTC @ 0.1% BLER
—&—TBTC @ 1% BLER
& TBTC @ 10% BLER

Es/No [dB]

40 48 64 80 102120 200 400 600 10
Info Length




image11.png
K=40, QPSK, AWGN

Eb/No [dB]

— %= TC,r=0.89
— %= TC,r=0.80
— % TC,r=073
— %= TC,r=067
— %= TC,r=0.50
— %~ TC,r=0.40
— %= TC,r=033
— %= TC,r=0.20

—e—TBTC,
—e—TBTC,
& TBTC,
—e—TBTC,
—e—TBTC,
—&—TBTC,
—e—TBTC,
—e—TBTC,

r=0.89
r=0.80
=0.73
r=0.67
r=0.50
r=0.40
r=0.33
r=0.20





image12.png
K=48, QPSK, AWGN

Eb/No [dB]

— %= TC,r=0.89
— %= TC,r=0.80
— % TC,r=073
— %= TC,r=067
— %= TC,r=0.50
— %~ TC,r=0.40
— %= TC,r=033
— %= TC,r=0.20

—e—TBTC,
—e—TBTC,
& TBTC,
—e—TBTC,
—e—TBTC,
—&—TBTC,
—e—TBTC,
—e—TBTC,

r=0.89
r=0.80
=0.73
r=0.67
r=0.50
r=0.40
r=0.33
r=0.20





image13.png
K=64, QPSK, AWGN

10°,

Eb/No [dB]

— %= TC,r=0.89
— %= TC,r=0.80
— % TC,r=073
— %= TC,r=067
— %= TC,r=0.50
— %~ TC,r=0.40
— %= TC,r=033
— %= TC,r=0.20

—e—TBTC,
—e—TBTC,
& TBTC,
—e—TBTC,
—e—TBTC,
—&—TBTC,
—e—TBTC,
—e—TBTC,

r=0.89
r=0.80
=0.73
r=0.67
r=0.50
r=0.40
r=0.33
r=0.20





image14.png
107

10°

K=80, QPSK, AWGN

— % — TC,r=0.89
— %~ TC,r=0.80
— - TC,r=073
— % = TC,r=0.67
— %~ TC,r=0.50
— 5~ TC,r=0.40
— %= TC,r=0.33
— %~ TC,r=0.20

—e—TBTC,
—e—TBTC,
o TBTC,
—e—TBTC,
—e—TBTC,
o TBTC,
—e—TBTC,
—e—TBTC,

r=0.89
r=0.80
=0.73
r=0.67
r=0.50
r=0.40
r=0.33
r=0.20

Eb/No [dB]





image15.png
10°

K=100, QPSK, AWGN

— % — TC,r=0.89
— %~ TC,r=0.80
— - TC,r=073
— % = TC,r=0.67
— %~ TC,r=0.50
— 5~ TC,r=0.40
— %= TC,r=0.33
— %~ TC,r=0.20

—e—TBTC,
—e—TBTC,
o TBTC,
—e—TBTC,
—e—TBTC,
o TBTC,
—e—TBTC,
—e—TBTC,

r=0.89
r=0.80
=0.73
r=0.67
r=0.50
r=0.40
r=0.33
r=0.20

Eb/No [dB]





image16.png
10°,

107

10°

K=120, QPSK, AWGN

3 4 5 6 7

Eb/No [dB]

— % — TC,r=0.89
— %~ TC,r=0.80
— - TC,r=073
— % = TC,r=0.67
— %~ TC,r=0.50
— 5~ TC,r=0.40
— %= TC,r=0.33
— %~ TC,r=0.20

—e—TBTC,
—e—TBTC,
o TBTC,
—e—TBTC,
—e—TBTC,
o TBTC,
—e—TBTC,
—e—TBTC,

r=0.89
r=0.80
=0.73
r=0.67
r=0.50
r=0.40
r=0.33
r=0.20





image17.png
10°

K=200, QPSK, AWGN

— % — TC,r=0.89
— %~ TC,r=0.80
— - TC,r=073
— % = TC,r=0.67
— %~ TC,r=0.50
— 5~ TC,r=0.40
— %= TC,r=0.33
— %~ TC,r=0.20
—o—TBTC,r=0.89
—o&—TBTC,r=0.80
& TBTC,r=0.73
—o—TBTC, r=0.67
—&—TBTC, r=0.50
& TBTC, r=0.40
—o—TBTC,r=0.33
—e—TBTC, r=0.20

-
0 1 2 3 4 5 6
Eb/No [dB]





image18.png
Eb/No [dB]

— % — TC,r=0.89
— %~ TC,r=0.80
— - TC,r=073
— % = TC,r=0.67
— %~ TC,r=0.50
— 5~ TC,r=0.40
— %= TC,r=0.33
— %~ TC,r=0.20
—o—TBTC,r=0.89
—o&—TBTC,r=0.80
& TBTC,r=0.73
—o—TBTC, r=0.67
—&—TBTC, r=0.50
& TBTC, r=0.40
—o—TBTC,r=0.33
—e—TBTC, r=0.20





image19.png
Eb/No [dB]

— % — TC,r=0.89
— %~ TC,r=0.80
— - TC,r=073
— % = TC,r=0.67
— %~ TC,r=0.50
— 5~ TC,r=0.40
— %= TC,r=0.33
— %~ TC,r=0.20
—o—TBTC,r=0.89
—o&—TBTC,r=0.80
& TBTC,r=0.73
—o—TBTC, r=0.67
—&—TBTC, r=0.50
& TBTC, r=0.40
—o—TBTC,r=0.33
—e—TBTC, r=0.20





image20.png
Eb/No [dB]

— % — TC,r=0.89
— %~ TC,r=0.80
— - TC,r=073
— % = TC,r=0.67
— %~ TC,r=0.50
— 5~ TC,r=0.40
— %= TC,r=0.33
— %~ TC,r=0.20
—o—TBTC,r=0.89
—o&—TBTC,r=0.80
& TBTC,r=0.73
—o—TBTC, r=0.67
—&—TBTC, r=0.50
& TBTC, r=0.40
—o—TBTC,r=0.33
—e—TBTC, r=0.20





image1.wmf
ú

û

ù

ê

ë

é

)

(

)

(

,

1

0

1

D

g

D

g


image2.emf
D D D

Input 

Turbo code internal 

interleaver

Output

Output

1st constituent encoder

2nd constituent encoder

D D D


Microsoft_Visio_Drawing.vsdx
D
D
D
Input  Turbo code internal interleaver
Output
Output
1st constituent encoder
2nd constituent encoder
D
D
D



