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Introduction
In RAN1 #86 meeting, the following simulation assumptions have been agreed for eMBB control channel coding [1].
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 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. 
In this contribution, the evaluation results of channel coding candidates for the  control channel are provided.

Discussion
1.1 Evaluation description 
· Evaluation metrics and performance target
[bookmark: OLE_LINK5][bookmark: OLE_LINK6] To determine coding scheme for control channel, the false alarm rate is the reference performance matrix in addition to the BLER. The false alarm rate can be defined as follows:
, which taking into account both coding performance and CRC error-detection effect.
The false alarm rate of 10-4 is the performance target in our simulation. We study the CRC length to meet requirements that FA should be less than10-4 at any SNR.
· Channel coding schemes 
1) TBCC: LTE-TBCC is adopted as a baseline of evaluation with Viterbi and CRC assisted list decoding algorithms.  Performance of enhanced TBCC [2] with Viterbi decoding is also provided.
2) Turbo: LTE-Turbo is used for evaluation with coding rates 1/3 and 1/2. For cases with code rate less than 1/3, enhanced Turbo codes with rate 1/5 provided in [3] is simulated. 
3) LDPC: LDPC parity check matrix provided in [4] with lifting, puncturing and repeating operation is used for control channel evaluation.
4) Polar codes: The PC-Polar code provided in [5] is used which contains a self-parity-check function applied on the PC (parity-check)-frozen-bit set to avoid using CRC for path selection. With this function, SCL decoding algorithm works without CRC-aided. Then, CRC attachment is used for error detection only.
5) CRC: The generating polynomials of the length 8 and 16 CRC are as follows,
g(x)CRC-8 =1+x1+x3+x4+x7+x8,
 g(x)CRC-16 =1+x5+x12+x16
1.2 Evaluation results
We compare the performance of TBCC, Turbo, LDPC and Polar codes for control channel with various information block sizes (K=32, 80 and 200), coding rates (R=1/6, 1/3 and 1/2), and CRC lengths (CRC=8, 16). Scaled Max-Log-MAP with scaling factor 0.75 and 8 iterations is used for Turbo codes. Offset min-sum decoding algorithm of maximum 30 iterations is adopted for LDPC. When CRC-aided list decoding is employed for LTE-TBCC, list size L=32. PC-SCL decoding algorithm with list size L=32 is adopted for polar codes to avoid using CRC-aided decoder. The simulations are conducted over the BI-AWGN channel with QPSK modulations. The simulation results are shown in Figure 1-10. 
Case 1: CRC-8
[image: ]
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 1: Performance of Turbo, TBCC and LDPC codes with K=32, QPSK modulation and 8 bits CRC
As shown in Figure 1, we can see that the false alarm performance target of 10-4 cannot be reached for Turbo, TBCC and LDPC codes with 8 bits CRC. Therefore, more CRC bits are needed for control channel coding evaluation.
Observation 1: 8 bits CRC cannot meet false alarm performance target for Turbo, TBCC with Viterbi decoding and LDPC codes.
Case 2: CRC-16
[image: ][image: ]
Figure 2: K=32, R=1/6                                                         Figure 3: K=32, R=1/3
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Figure 4: K=32, R=1/2                                                      Figure 5: K=80, R=1/6
[image: ][image: ]
Figure 6: K=80, R=1/3                                                      Figure 7: K=80, R=1/2
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Figure 8: K=200, R=1/6                                                    Figure 9: K=200, R=1/3
[image: ]
Figure 10: K=200, R=1/2
Figures 2-10 give BLER and false alarm performance versus SNR for coding candidates with 16 bits CRC. It is shown that with 16 bits CRC attachment, FA is less than 10-4 at any SNR, for Polar, Turbo, TBCC with Viterbi decoding and LDPC codes.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK8][bookmark: OLE_LINK11]Observation 2: For Polar, Turbo, TBCC with Viterbi decoding and LDPC codes, 16 bits CRC attachment is sufficient for false detection target of 10-4.
From Figures 2-4, we can also see that TBCC codes with 16 bits CRC-aided list decoding have the error floor of thefalse alarm performance. The reason is that CRC-aided list decoding will require significant increase in the error probability of CRC check, which leads to degrade the false alarm performance greatly. More details please see our contribution [6].
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Observation 3: For TBCC with list decoding, 16 bits CRC bits cannot meet the requirements of false alarm performance.
Observation 4: Viterbi decoding should be preferred for TBCC codes for control channel.
From BLER perspective, we can see that eTBCC outperform LTE-TBCC codes with Viterbi decoding, at all the coding rates and block sizes. Polar with SCL decoding and eTBCC codes with Viterbi decoding have comparable performance at short block length K=32. but polar codes outperform other coding candidates with the increase in block length (K=80, 200). It is also noted that polar codes have the best performance over other coding candidates for all the evaluated block size, with coding rate R=1/6. Turbo codes outperform eTBCC only at the case of K=200.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Observation 5: Enhanced TBCC with Viterbi decoding and polar codes with PC-SCL decoding have comparable performance at very short block length, but polar codes outperform eTBCC with Viterbi decoding with the increase in block length.
Proposal 1: Polar codes are the preferred coding scheme for NR control channel. 

Conclusion 
The above discussion is summarized with following observations and proposals:
Observation 1: 8 bits CRC cannot meet false alarm performance target for Turbo, TBCC with Viterbi decoding and LDPC codes.
Observation 2: For Polar, Turbo, TBCC with Viterbi decoding and LDPC codes, 16 bits CRC attachment is sufficient for false detection target of 10-4.
Observation 3: For TBCC with list decoding, 16 bits CRC bits cannot meet the requirements of false alarm performance.
Observation 4: Viterbi decoding should be preferred for TBCC codes for control channel.
Observation 5: Enhanced TBCC with Viterbi decoding and polar codes with PC-SCL decoding have comparable performance at very short block length, but polar codes outperform eTBCC with Viterbi decoding with the increase in block length.
Proposal 1: Polar is the preferred coding scheme for NR control channel.
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