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Introduction
In RAN1#87, Polar codes were adopted as channel coding for uplink control information and downlink control information (working assumptio) for eMBB system except for very small block length [2]. A compete design of Polar codes is proposed in [3] for control channel in eMBB system. In this contribution, the proposed design will be evaluated and compared with the design in [4].  
Necessity of CRC bits for control channel
In existing wireless communication system, CRC bits are necessary for control channel to provide required false alarm rate. User ID is proposed to be used as frozen bits to reduce false alarm rate in [5]. However, this idea has many issues in general. In particular, the performance suffers in the following two cases. 
1) Blind detection with no signal.  
In this case, there is no control signal existing. i. e., all received signal is noise. There is no threshold to  achieve both good false alarm rate and miss detection rate.
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2)  Blind detection with another DCI payload size
Assuming transmitter is using K=32, Rate=1/6. Decoder is using blind detection (assuming K=32 and K=48 are tried). From below figure, the distributions of different assumptions overlap a lot. So very hard to find a good threshold.
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In a word, CRC bits is necessary for control channel 
Performance comparison
The simulation parameters for control channel is listed in Table 1. 
Table 1 Simulation parameters for control channel
	Coding Scheme
	DE-CA-SCL[3]
	PW-PC-SCL[4]

	Channel
	AWGN

	Modulation
	QPSK

	Concatenation
	CRC-Polar
	PC-Polar

	Code rate
	1/6, 1/3, 1/2, 2/3

	Decoding algorithm
	CA-SCL with L=8
	SCL with L=8

	Info. block length
	16, 32, 48, 64 104, 184
	16, 32, 48, 64 104, 184

	CRC bits
	19
	16 or 19








 





For simplication, the value of β is set to 1 and M is set to 1024 [3]. This implies that only puncture is considering in this simulation. The value of  is set to 12, 36, 22 for K=120 with R=1/6, K=200 with R=1/3 and K=200 with R=1/6, respectively.
Note also, K = 200 with R = 1/6 case, the actual code block length is capped to N = 1024 to control complexity. Hence the coding rate is R = 0.19 > 1/6.

Performance comparison among DE-CA-SCL, PW-CA-SCL and PW-PC-SCL
The performance comparison among DE-CA-SCL, PW-CA-SCL and PW-PC-SCL is depicted in Figure 1. In DE-CA-SCL, the CRC bits is set as 19 bits to normalize the false alarm rate with L=8. In PW-PC-SCL, the CRC bits is set as 16 bits to provide the same level of false alarm rate in LTE. It is seen that the performance of DE-CA-SCL with L=8 is better than PW-PC-SCL with L=8, especially for small information block lengths. 
[bookmark: _GoBack]To compare the perforamnce between DE constuction and PW construction, we simulated the cases of PW-CA-SCL. The only difference from DE-CA-SCL is that PW construction sequence is used instead of DE sequence.  It is seen that the performance of DE-CA-SCL is identical to that of PW-CA-SCL.
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Figure 1. The performance comparison among three combinations with variable code rates
Observation 1: The performance of DE-CA-SCL outperforms PW-PC-SCL with L=8
Observation 2: The performance of DE-CA-SCL is comparable to that of PW-CA-SCL with L=8
Performance of PW-PC-SCL with CRC aided decoding
In this section, we further evaluate the performance of PW-PC-SCL with CRC aided decoding. To be fair, we also append addition 3 bit CRC to normalize the false alarm rate with L=8. Similiarly, a 19-bit CRC is used for PW-PC-SCL and CRC bits are used to determine the final path by CRC check.
The performance comparison between DE-CA-SCL and PW-PC-SCL with CRC aided decoding algorith is depicted in Figure 2. It is seen that DE-CA-SCL still outperforms PW-CA-SCL with CRC aided decoding.
Observation 3: The performance of DE-CA-SCL outperforms PW-PC-SCL with L= 8 when both are using CRC-aided SCL decoding algorithm
[bookmark: _Ref463024558]	[image: ]
Figure 2 performance comparison between DE-CA-SCL and PW-PC-SCL with CRC aided decoding
Complexity and latency comparison between DE-CA-SCL and PW-PC-SCL
The difference between CA-SCL and PC-SCL is the PC-frozen bits since the CRC bits is also applied for PC-SCL. Because the parity check bits must be encoded in transmitter and decoding in receiver, the complexity, latency and memory will be increased for PC-SCL. What is more, it is very difficult to implement fast decoding where multiple information bits are processed simulateneously for PC-SCL because of the parity check bits. Therefore, CA-SCL has lower complexity and latency than PC-SCL.
Overall, DE-CA-SCL outperforms PW-PC-SCL in terms of better performance and lower complexity.
Observation 4: DE-CA-SCL outperforms PW-PC-SCL in terms of better performance and lower complexity
Consideration on the minimum supporting coding rate
The performance comparison of DE-CA-SCL among three code rates of 1/3, 1/6 and 1/12 are listed in table 2. It is seen that the perforamnce loss of 1/6 rate from 1/12 is almost less than 0.2 dB while the gain of 1/6 rate over 1/3 is around 0.3 to 0.5 dB, while the gain becomes even more negligible from  R = 1/6 to R = 1/12, while the computational and HW complexity will both increase significantly [6]. Note that with the normalization of HW complexity, the gain by extension to a lower rate may further diminish or even incur performance loss [6].
Table 2 The gain over 1/3 and the loss from 1/12 for rate of 1/6
	Coding Gain
	K including 16-bit CRC

	
	32
	48
	64
	80
	120

	R = 1/3 to 1/6
	0.26
	0.37
	0.48
	0.29
	0.43

	R = 1/6 to 1/12
	0.23
	0.15
	0.09
	0.18
	0.16



Conclusions
Observation 1: The performance of DE-CA-SCL outperforms PW-PC-SCL with L=8.
Observation 2: The performance of DE-CA-SCL is comparable to that of PW-CA-SCL with L=8.
Observation 3: The performance of DE-CA-SCL outperforms PW-PC-SCL with L= 8 CRC aided SCL decoding algorithm
Observation 4: DE-CA-SCL outperforms PW-PC-SCL in terms of better performance and lower complexity.
Proposal 1: Adopt CA-SCL solution of Polar codes for control channel because of better performance and low complexity and latency.
 Proposal 2: Further study is needed for code construction sequence
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