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Introduction
In RAN#71, a new study item, “Study on New Radio Access Technology,” has been approved. The initial work of the study item is expected to focus on fundamental physical layer signal structure for new RAT, of which channel coding schemes is listed as an area to investigate. In RAN1#86bis, the following agreements for the eMBB control channel coding evaluations were reached [1]: 
· 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 

	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 number of coded bits is derived accordingly.

In this contribution, we study channel coding candidates for the control channel of NR. The study compares the performance of tail-biting convolutional codes (TBCC), tail-biting turbo codes (TBTC), and Polar codes for the purpose of protecting the control channels of NR. Simulation results are provided for short information block sizes to be used for control channel coding as listed above.  

Transmission and Reception of DCI, UCI

DCI
For DCI, blind decoding is necessary in the receiver (i.e., UE) in LTE. 
In a primary cell:
	UE-specific search space
	16 blind decodes × 2 DCI formats
= 32 blind decodes

	Common search space
	6 blind decodes × 2 DCI formats (1A, 1C)
= 12 blind decodes

	Total
	44



In a secondary cell (no need to monitor Common search space):
	UE-specific search space
	16 blind decodes × 2 DCI formats
= 32 blind decodes

	Total
	32




Without accounting for UL-MIMO:
Max number of blind decodes, when CA of 5 cells and no UL MIMO:
44 (blind decodes in primary cell) + 4 (secondary cell) × 32 (blind decodes in a SCell) 
= 172 (blind decodes per subframe)
It is noted that if the maximum carrier aggregation of 32 cells are considered, then the amount of blind decoding increases. Also, starting from Rel-10, with uplink spatial multiplexing, an additional UL DCI format needs to be monitored in UE-specific search space. If UL-MIMO is considered, the amount of blind decoding of DCI also increases.
For NR, blind decoding of DCI is also expected, similar to LTE. Considering the potential of requiring a large number of DCI monitoring in a subframe, the decoding latency of DCI is a very important design metric. Short decoding latency is as important as the BLER performance of the decoder, 

UCI
For UCI, no blind decoding is necessary at the receiver. On the other hand, decoding of one instance of UCI can be more challenging than the decoding of one instance of DCI. This is due to the potentially large info block size of UCI, for carrying CSI back to the eNodeB. 
Also it is possible that multiple UEs send UCI simultaneously on the uplink, which requires the eNodeB to be able to simultaneously decoding the UCI of each UE. Hence the channel coding scheme for UCI should also allow efficient decoding algorithm at the receiver, while achieving good BLER performance.

1. For both DCI and UCI, channel coding technique should be selected considering the requirements of low decoding complexity and low decoding latency. 

Performance Comparison: TBCC vs. TBTC
In this section, we compare the performance of TBCC, TBTC, and Polar code according to the simulation assumption of eMBB control channel.  
The agreement states information block lengths without CRC, so the additional nCRC=16 CRC bits have been added to the information block that the encoder/decoder see. The same number of CRC bits are assumed for all code types. However, when calculating the code rate, the CRC bits should be counted as additional parity bits, not seen as information bits. This gives an increased code rate seen by the TBCC/TBTC/Polar decoder which is given by

Note that the rates shown in the legends are the rates Rinfo agreed for the information blocks, before adding CRC bits. The actual rate that the TBCC/TBTC/Polar encoder/decoder see is then calculated according to Rdecoder in the equation above. The agreed info block lengths Kinfo are shown in the titles, even though the encoder/decoder sees an info block length () since the CRC bits are added before encoding.
Here, the results for Polar codes are based on the new variant, termed Parity-Check (PC) Polar code as described in [6], with a list size of 8.  As shown in these figures, TBCC outperforms both TBTC and PC Polar codes at short information block length (e.g. ).  However, as the information block length increases to  and beyond, TBTC and Polar codes outperforms TBCC, with TBTC and Polar codes providing similar performance. 

Observation 1 TBCC outperforms both TBTC and PC-Polar codes at shorter information block lengths.
Observation 2 TBCC is outperformed by both TBTC and PC-Polar codes at larger information block lengths.
Observation 3 TBTC and PC-Polar codes perform comparably for the short block sizes of control channel.
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Conclusion
In this contribution, we study channel coding candidates for the control channel of NR.  Based on the analysis and obtained results, we have the following proposals and observation.

Observation 1 TBCC outperforms both TBTC and PC-Polar codes at shorter information block lengths.
Observation 2 TBCC is outperformed by both TBTC and PC-Polar codes at larger information block lengths.
Observation 3 TBTC and PC-Polar codes perform comparably for the short block sizes of control channel.


Proposal 1 For both DCI and UCI, channel coding technique should be selected considering the requirements of low decoding complexity and low decoding latency.
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