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Introduction
[bookmark: _GoBack]In RAN1 #84b meeting it was agreed upon to evaluate different channel codes (TBCC, LDPC, Polar, Turbo) under various simulation assumptions [2]. This document compares the corresponding results for TBCC, CC and Polar Codes for the URLLC and mMTC operating regimes, where the specific design of CC and TBCC can be found in [3], and that of Polar in [4].
URLLC and mMTC Simulation Assumptions
For URLLC and mMTC use cases, it was agreed in [2] that the evaluation should provide the block error rate (BLER) performance versus SNR for the cases which are more reflective of such services (beyond some configurations already included in eMBB evaluation). Table 1 listed the agreed URLLC and mMTC simulation assumptions, where the scope of the evaluation results shown in this document is marked in bold. 
Table 1. URLLC and mMTC simulation assumptions
	Channel*
	AWGN

	Modulation 
	QPSK, 16 QAM****

	Coding Scheme
	CC & TBCC
	LDPC
	Polar
	Turbo

	Code rate 
	 1/12, 1/6, 1/3  

	Decoding algorithm**
	List-X Viterbi
1,4,16,64,256
	min-sum
	List-Y 
1,2,4,8,16,
32,64,128,256
	Max-log-MAP

	Info. block length*** (bits w/o CRC)
	20, 40, 200, 600, 1000

	CRC length
	16

	· * Fading channels will be simulated in the next stage
· ** These algorithms are starting points for further study. Other variants of agreed algorithms can be used for encoding and decoding (Complexity details should be illustrated) 
· *** At least these info. block length and code rate shall be evaluated. 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. 
· ****16 QAM results are not provided here.



For the CC and TBCC evaluation, a native rate 1/3 code is used, and rate matching is achieved using either repetition or cyclic-buffer based puncturing with the 32-column matrix interleaver defined in LTE spec. For Polar codes, a native rate close to the target rate is selected for each scenario and then followed by puncturing as specified in [4]. More details are provided in Table 2 and the illustration below.
Table 2. Polar code and CC/TBCC native rate
	
	K/N
	(K+16)/N
	Polar Code (native rate)
	CC/TBCC (native rate)

	K=20
	1/3
	0.6
	(36,64)
	0.563
	(36, 126) / (36,108)
	0.286/0.333

	
	1/6
	0.3
	(36,128)
	0.281
	(36, 126) / (36,108)
	0.286/0.333

	
	1/12
	0.15
	(36,256)
	0.141
	(36, 126) / (36,108)
	0.286/0.333

	K=40
	1/3
	0.467
	(56,128)
	0.438
	(56,186) / (56, 168)
	0.301/0.333

	
	1/6
	0.233
	(56,256)
	0.218
	(56,186) / (56, 168)
	0.301/0.333

	
	1/12
	0.116
	(56,512)
	0.109
	(56,186) / (56, 168)
	0.301/0.333

	K=200
	1/3
	0.360
	(216,1024)
	0.211
	(216,666) / (216,648)
	0.324/0.333

	
	1/6
	0.180
	(216,2048)
	0.105
	(216,666) / (216,648)
	0.324/0.333

	
	1/12
	0.090
	(216,4096)
	0.053
	(216,666) / (216,648)
	0.324/0.333

	K=600
	1/3
	0.342
	(616,2048)
	0.301
	(616,1866)/(600,1848)
	0.330/0.333

	
	1/6
	0.171
	(616,4096)
	0.150
	(616,1866)/(600,1848)
	0.330/0.333

	
	1/12
	0.085
	(616,8192)
	0.075
	(616,1866)/(600,1848)
	0.330/0.333

	K=1000
	1/3
	0.339
	(1016,4096)
	0.248
	(1016,3066)/(1016,3048)
	0.331/0.333

	
	1/6
	0.170
	(1016,8192)
	0.124
	(1016,3066)/(1016,3048)
	0.331/0.333

	
	1/12
	0.085
	(1016,16384)
	0.062
	(1016,3066)/(1016,3048)
	0.331/0.333




Figure 1. Transmit chain diagram
Discussion
In the figures below, we plot the 10-3 BLER achieving SNR, as a function of the list size used in the decoder. Each figure shows the results under a single block length. Different colors indicate different codes: red for CC, black for TBCC, and blue for Polar. Different line styles indicate different code rate: solid for 1/3, dashed for 1/6, and dotted dashed for 1/12. 

From the figures, the following observations can be made:

Observation 1: TBCC is uniformly better than CC across all choices of block length, code rate, and list-size.
Observation 2: For TBCC/CC compared with Polar codes:
· For K=20 and K=40:
· Under the list size of 1, TBCC performs better than Polar across all rates.
· At code rate of 1/3, TBCC performs no worse than Polar for all choices of list-size.
· In some other cases, TBCC could be worse than Polar.
· For K=200, 600, or 1000:
· Polar outperforms TBCC/CC for all choices of code rate and list-size. 
· The gap increases with blocklength for all list sizes.

Note that when comparing Polar, CC, and TBCC performance, the following aspects should be considered:

· Coding Gain: The native rate of the polar code is selected to be very close to the target rate in each scenario, whereas CC/TBCC uses native rate 1/3 code across all scenarios and matches to low target rates using repetition, which gives no coding gain beyond rate 1/3.
· Computational Complexity: In the figures, the performance of Polar and CC/TBCC are compared under the same list size. However, the complexity of the two codes may scale differently as the increase of list size. Moreover, Polar decoding complexity is in the order of N*log(N) regardless of rate (N being the length of coded bits) whereas the decoding complexity of CC/TBCC scales with the order of N*R, the number of trellis-stages/information-bits [5]. 
· Decoding Delay: Under the same list size, the decoding delay of CC and TBCC are different, as the number of trellis stages required for TBCC decoding is more than that of CC.
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Figure 2 Block length = 20
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Figure 3 Block length = 40
[image: ]
Figure 4 Block length = 200
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Figure 5 Block length = 600
[image: ]
Figure 6 Block length = 1000
At the block length of 1000, as shown in Figure 6, the gain of TBCC compared to CC due to the eliminating of terminating bits becomes negligible (red curves are covered by black ones).

Conclusions
Observation 1: TBCC is uniformly better than CC across all choices of block length, code rate, and list-size.
Observation 2: For TBCC/CC compared with Polar codes:
· For K=20 and K=40:
· Under the list size of 1, TBCC performs better than Polar across all rates.
· At code rate of 1/3, TBCC performs no worse than Polar for all choices of list-size.
· In some other cases, TBCC could be worse than Polar.
· For K=200, 600, or 1000:
· Polar outperforms TBCC/CC for all choices of code rate and list-size. 
· The gap increases with blocklength for all list sizes.
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