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Introduction

In this document, we investigate the performance of the TBCC generator polynomials proposed in [3]. In [3] the distance spectrum of the proposed TBCC polynomials were analyzed in comparison to the UMTS polynomials. In this contribution, simulation study is carried out to compare the two sets of TBCC polynomials. 
The simulation is performed according to the TBCC control channel simulation assumptions (see Annex 1). Further, it is assumed that 16 CRC bits are always added before encoding.

Convolutional codes defined for UMTS
As described in TS 25.212, rate ½ and rate 1/3 convolutional codes are defined, with constraint length 9. Hence these polynomials provide another option for defining 256-state convolutional codes.  

[image: ]
Figure 1. UMTS rate 1/2 and rate 1/3 convolutional codes. 

Performance comparison with UMTS Polynomials
In this section, BLER performance using 256-state polynomials proposed for NR [3] are simulated in comparison to the performance of 256-state polynomials in UMTS. The rate matching algorithm is according to the LTE rate matching procedure for tail-biting convolutional codes.
· The polynomials proposed for NR [3] are repeated in Annex 2 for easy reference. Only the 256-state polynomials are simulated in this contribution. The lowest mother code rate assumed in the simulation is Rm=1/9. When a code rate lower than 1/9 is desired, repetition is applied to the Rm=1/9 code.
· Although the constraint-length 9 polynomials were run in tailed manner in UMTS, here they are run in tail-biting manner.
The simulation complies with the eMBB control channel simulation assumptions (see Annex 1). 
· The information block size (without CRC) are: Kinfo= {8, 16, 32, 48, 64, 80, 120, 200} bits. 
· The information code rates are Rinfo = {1/12, 1/6, 1/3, 1/2, 2/3}. 
· The number of coded bits transmitted over the channel is N = Kinfo / Rinfo;
· The input to TBCC has length KTBCC =  Kinfo+16 (bits), assuming that 16 CRC bits are attached.
· The code rate from the perspective of TBCC is: RTBCC =  KTBCC/N = (Kinfo + 16) / Kinfo  Rinfo;
The FER performance plots are shown in Figure 2- Figure 9. As can be observed from the simulation results, the proposed 256-state convolutional code polynomials achieve performance comparable or better than the polynomials in UMTS. 
[bookmark: _GoBack]It is noted that the UMTS rate 1/3 generator polynomial is prone to catastrophic error, when used with the LTE rate matching algorithm. For the simulated KTBCC = {48, 96, 216} of Rinfo = 2/3, catastrophic error was observed.

Observation 1 TBCC generator polynomials [3] proposed for NR achieve comparable or better performance than those of UMTS polynomials.

1. For control channel and data channel with short info block length, the LTE tail-biting convolutional code is enhanced by adopting constraint length-9 polynomials of [3].
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[bookmark: _Ref463026766]Figure 2. FER performance of 256-state TBCC. Info block size Kinfo=8 bits, TBCC info block size = Kinfo+16=24 bits. 
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Figure 3. FER performance of 256-state TBCC. Info block size Kinfo=16 bits, TBCC info block size = Kinfo+16=32 bits. 
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Figure 4. FER performance of 256-state TBCC. Info block size Kinfo=32 bits, TBCC info block size = Kinfo+16=48 bits. 
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Figure 5. FER performance of 256-state TBCC. Info block size Kinfo=48 bits, TBCC info block size = Kinfo+16=64 bits. 
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Figure 6. FER performance of 256-state TBCC. Info block size Kinfo=64 bits, TBCC info block size = Kinfo+16=80 bits. 
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Figure 7. FER performance of 256-state TBCC. Info block size Kinfo=80 bits, TBCC info block size = Kinfo+16=96 bits. 
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Figure 8. FER performance of 256-state TBCC. Info block size Kinfo=120 bits, TBCC info block size = Kinfo+16=136 bits. 
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[bookmark: _Ref463026768]Figure 9. FER performance of 256-state TBCC. Info block size Kinfo=200 bits, TBCC info block size = Kinfo+16=216 bits. 


Conclusion
Based on extensive analysis presented in this document, we make the following proposals.
Observation 1 TBCC generator polynomials [3] proposed for NR achieve comparable or better performance than those of UMTS polynomials.

1. For control channel and data channel with short info block length, the LTE tail-biting convolutional code is enhanced by adopting constraint length-9 polynomials of [3].
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Annex 1. Simulation Assumption
Simulation assumption for control channel coding was agreed in RAN1#86 as follows.
Agreement:
· Simulation Assumptions for eMBB control channel coding 
· Evaluate the block error rate (BLER) performance versus SNR 
· Evaluate the false alarm rate versus SNR
	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	Repetition
	Simplex
	TBCC
	Turbo
	LDPC
	Reed-Muller
	Polar 

	Code rate (for evaluation purposes)
	1/24*, 1/12, 1/6, 1/3, 1/2, 2/3 

	Decoding algorithm** 
	ML
	ML
	List-Viterbi
	Scaled max log MAP
	Adjusted
min-sum 
	FHT
	SC list 

	Info. block length (bits w/o CRC) (for evaluation purposes)  *** 
	1, 2, 4, 8, 16, 32, 48, 64, 80, 120, 200


* Code rate 1/24 is valid for info block length of 1-2 bits
** Other variants of agreed algorithms can be used for encoding and decoding (Complexity details should be illustrated) 
*** Each of these info. block lengths shall be evaluated at at least one of the code rates. Other info. block lengths and code rates are not precluded. Similar info. and encoded block lengths should be used for the evaluation. Total coded bits = info. Block length/code rate. Note: these info. block length and code rate are only for initial performance evaluations. They are not interpreted as design targets or assumptions for complexity analysis. 
· Companies are encouraged to provide information on complexity of their decoders, and on decoding latency. 

Annex 2. Generator Polynomials Proposed for NR

Table 1 and Table 2 below provide the constraint length 7 and constraint length 9 polynomials in [3].
Table 1 Nested polynomials for TBCC with constraint length 𝛎+1=7
	n
	Polynomial
	df
	
	

	1
	133
	-
	-
	-

	2
	171
	10
	11
	36

	3
	165
	15
	3
	7

	4
	117
	20
	2
	3

	5
	135
	25
	1
	1

	6
	157
	30
	1
	2

	7
	135
	36
	4
	8

	8
	123
	40
	1
	1

	9
	173
	46
	3
	6

	10
	135
	51
	2
	4

	11
	171
	56
	2
	3

	12
	135
	61
	1
	1



Table 2 Nested polynomials for TBCC with constraint length 𝛎+1=9
	n
	Polynomial
	df
	
	

	1
	561
	-
	-
	-

	2
	753
	12
	11
	33

	3
	715
	18
	4
	11

	4
	517
	24
	2
	3

	5
	675
	30
	1
	2

	6
	513
	36
	1
	1

	7
	657
	43
	2
	4

	8
	745
	49
	1
	1

	9
	753
	56
	4
	8

	10
	473
	62
	3
	6

	11
	745
	68
	2
	3

	12
	753
	74
	1
	2
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