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Introduction
In RAN1#88bis [1], the following agreement was reached:
· J CRC bits are provided (which may be used for error detection and may also be used to assist decoding and potentially for early termination)
· J may be different in DL and UL
· J may depend on the payload size in the UL (0 not precluded)
· In addition, J’ assistance bits are provided in reliable locations (which may be used to assist decoding and potentially for early termination)
· J + J’ <= the number of bits required to satisfy the FAR target (nFAR) + 6
· Working assumption: 
· For DL, nFAR = 16 (at least for eMBB-related DCI)
· For UL, nFAR = 8 or 16 (at least for eMBB-related UCI; note that this applies for UL cases with CRC)
· J’>0
· Working assumption: J”<=2 additional assistance bits are provided in unreliable locations (which may be used to assist decoding and potentially for early termination)
· Can be revisited in RAN1#89 if significant benefit is shown from a larger value of J” without undue complexity – companies are encouraged to additionally evaluate J”=8
· The J’ (and J” if any) bits may be CRC and/or PC and/or hash bits (downscope if possible)
· Placement of the J, J’ (and J” if any) assistance bits is FFS after the study of early termination techniques
· Appended?
· Distributed?
· evenly?
· unevenly? 

In this contribution, a comparison between CA-polar and the PC-CA Polar scheme is presented when following the agreement.
[bookmark: _Ref178064866]Simulation Settings and Assumptions
The general assumption is that needed CRC bits for the DL FAR requirement is 16 (J=16) and for UL FAR requirement is 8 (J=8). J’ <=6 bits can be added in the reliable bits and a maximum of 2 bits in unreliable positions can be added to help the list decoder to prune the list tree. In total there is a maximum of 6+2 bits added. In [2], the PC-CA list decoder introduced. This decoder uses the PC bits to prune the list tree along the way and using the CRC for selecting the final list. To keep the FAR, the number of CRC checks are restricted to match the added number of CRC bits to compensate for repeated number of CRC checks.
In this contribution, three different alternatives have been simulated.
CA-Polar with J+3 (J+J’) bit CRC. The decoder uses all J+3 bits to select the best code-words from the final list
· J=16 (DL) 8 (UL)
· J’=3 (3 CRC bits)
· J”=0
PC-CA-Polar according to [2] with a J+2 bits CRC. The number of PC-bits in reliable bits (Fp) are less or equal to 4 and PC bits in unreliable position (FzPc) equal to 2. The decoder checks the CRC on the 4 best code-words from the final list.
· J=16 (DL) 8 (UL)
· J’=2+4 (2 CRC bits, 4 PC bits)
· J”=2
PC-CA-Polar according to [2] with a J+3 bits CRC. The number of PC-bits in reliable bits (Fp) are less or equal to 3 and PC-bits in unreliable positions (FzPc) equal to 2. The decoder checks the CRC on the 8 best code-words from the final list.
· J=16 (DL) 8 (UL)
· J’=3+3 (3 CRC bits, 3 PC bits)
· J’’=2

For all SCL decoder implementations, the following assumptions or setting have been applied:
· List sizes, L: 8.
· Rate used, R: 1/6, 1/3, and 1/2
· For DL control channel
· Number of information bits, K: 64, 80, and 120
· Max code block size in these simulations, N: 512
· For one case, {K=120, R=1/6}. N=1024 is used to isolate the issue of code bit repetition
· For UL control channel
· Number of information bits, K: 64, 80, 120 and 200
· Max code block size in these simulations, N: 1024
· For one case, {K=200, R=1/6}. N=2048 is used to isolate the issue of code bit repetition
· CRC polynomials as shown in Table 1.
The simulation assumptions simply follow the agreed control channel simulation assumptions. The bit channel is modelled as an AWGN channel with given Es/N0. The code rate is calculated as R=K/M, where K is the number of information bits without any CRC or parity check bits and M is the code block. Mother code rate = K/N, where M≤N and N=2n.
[bookmark: _Ref474186633]Table 1. CRC Polynomials
	# of CRC bits
	CRC Polynomials
	References

	
	Hexa-decimal
	Binary
	Polynomials
	

	10
	0x51d
	10100011101
	
	CMU [5]

	11
	0xbaf
	101110101111
	
	CMU [5]

	18
	0x472f3
	1000111001011110111
	
	CMU [5]

	19
	0x97599
	10010111010110011001
	
	CMU [5]



For Polar code construction, the Q-sequence described in [3] have been used for the frozen bit positions. Puncturing is used for the cases where the mother code rate is ¼ or less and the number of bits K is less than 200 according to [4]. Bit reverse shortening used for the other cases according to [3].
In Table 2 we present the range of information bits and code rates that has been used for the simulations.


Table 2. Transmitted bits
	Information bits K
	Rate 1/6 transmitted bits M
	Rate 1/3 transmitted bits M
	Rate 1/2 transmitted bits M

	64
	384
	192
	128

	80
	480
	240
	160

	120
	720
	360
	240

	200
	1200
	600
	400



[bookmark: _Ref462125875]Simulation Results
DL control channel
The simulation results for the DL control channel are presented in Figure 1 -Figure 3.
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[bookmark: _Ref480977485][bookmark: _Ref480977472]Figure 1. CA-Polar and PC-CA-Polar for K=64 and R=[1/6, 1/3, ½] for DL control channel
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Figure 2. CA-Polar and PC-CA-Polar for K=80 and R=[1/6, 1/3, ½] for DL control channel
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[bookmark: _Ref481054460]Figure 3. CA-Polar and PC-CA-Polar for K=120 and R=[1/6, 1/3, ½] for DL control channel
UL Control Channel
The simulation results for the DL control channel are presented in Figure 4-Figure 7.
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[bookmark: _Ref481054976]Figure 4. CA-Polar and PC-CA-Polar for K=64 and R=[1/6, 1/3, ½] for UL control channel 
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Figure 5. CA-Polar and PC-CA-Polar for K=80 and R=[1/6, 1/3, ½] for UL control channel
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Figure 6. CA-Polar and PC-CA-Polar for K=120 and R=[1/6, 1/3, ½] for UL control channel
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[bookmark: _Ref481055059]Figure 7. CA-Polar and PC-CA-Polar for K=200 and R=[1/6, 1/3, ½] for UL control channel

Summary

Observation 1 With the limitation of J’<=6 and J”<=2, CA-Polar and PC-CA-Polar have similar performance for DL control channel with J=16.
Observation 2 With the limitation of J’<=6 and J”<=2, CA-Polar and PC-CA-Polar have similar performance for UL control channel with J=8.

The CA-polar has lower implementation complexity than the PC-CA-Polar and the two alternatives have similar performance given the agreement in previous meeting. Thus, we have the following proposal:

Adopt CA-Polar for the eMBB downlink and uplink control information.
Adopt CRC length of (J+3) bits for the CA-Polar, where J is the effective number of CRC bits for error detection.

Conclusions
In this contribution we made the following observations:
Observation 1 With the limitation of J’<=6 and J”<=2, CA-Polar and PC-CA-Polar have similar performance for DL control channel with J=16.
Observation 2 With the limitation of J’<=6 and J”<=2, CA-Polar and PC-CA-Polar have similar performance for UL control channel with J=8.

Based on the discussion in this contribution we propose the following:
1. Adopt CA-Polar for the eMBB downlink and uplink control information.
1. Adopt CRC length of (J+3) bits for the CA-Polar, where J is the effective number of CRC bits for error detection.
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