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1  [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
For polar code construction for NR control channels, the following was agreed in RAN1 NR AH2 [1]: 
Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 
· Longer CRCs will be considered if required to meet the FAR target
· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
[bookmark: _Ref477266525]In this contribution, the performance of single CRC polynomial + interleaver design proposed in [5] and [12] are investigated.
2  Discussion
Besides the proposal in [5], according to the email discussion in [12], for nFAR=16 in DL, companies provided their design and main proposal for evaluation, which are summarized in Table 1.
Table 1. CRC polynomial and interleavers proposed in [12].
	
	Scheme 1:
HW[5]
	Scheme 2:
NOKIA[6]
	Scheme 3:
QC[7]
	Scheme 4:
SS[8]
	Scheme 5:
NEC[9]
	Scheme 6:
IDC[10]
	Scheme 7:
LGE[11]
	Scheme 8:
CATT[13]

	CRC polynomial*
	0xA2B79
D19 + D16 + D15 + D14 + D13 + D11 + D10 + D8 + D6 + D2 + 1

	0x9ED45
D19 + D16 + D15 + D14 + D13 + D11 + D10 + D8 + D6 + D2 + 1
	0xE4001
D19 + D18  + D17 + D14+ 1
	0xA2B79
D19 + D17 + D13 + D11 + D9 + D8+ D6 + D5 + D4 + D3 +1
	0xE18BB
D19 + D18  + D17 + D12 + D11 + D7 + D5+ D4 + D3 + D +1
	0x9ED45
D19 + D16 + D15 + D14 + D13 + D11 + D10 + D8 + D6 + D2 + 1
	0xF56FB
D19 + D18  + D16 + D15 + D14 + D13 + D12 + D10 + D9+ D7 + D5+ D3 + D2 + D +1
	0x9013F
D19 + D16 + D8+ D5 + D4+ D3 + D2 + D +1

	Interleaver
	The same proposal in [5] and[12] for nFAR=16 on DL
	Pattern 1
	C0 = 4
C1 = 0
Kref = 80
Kmin = 24
	Eight interleavers with Kmax=200
	Distributing 3 CRC bits
	The proposed one
	The proposed one
	The proposed one


* It should be noted that although with different hexadecimal descriptions, the CRC polynomials of scheme 1, scheme 2 and scheme 6 are actually the same. For scheme 1 and scheme 4, although with the same hexadecimal descriptions, the CRC polynomials are different.
In below, we will evaluate the performance metrics (FAR and ET saving) with the following three inputs over the entire SNR region for the proposals listed in Table 1: 
a) Input to a decoder is an AWGN noise 
b) Input to a decoder is a random-QPSK signal + noise 
c) Input to a decoder is an intended codeword + noise
For input type of intended codeword, the FAR is evaluated at the SNR range corresponding to BLER in the range of (0.5, 1). For a larger SNR value, the FAR value will become smaller. And for all three types of input to decoder, the TSCCR is measured at the operating SNR point (corresponding to BLER of 1E-3 when the input is the intended codeword).
ET gain is closely related to the ratios of complexity and latency for a decoder to process an information bit and a frozen bit. However, these two ratios depend on an individual implementation and architecture of a polar list decoder. In [2], it is estimated that a typical polar decoder will have 4 times more complexity and latency in processing an information bit than a frozen bit for a typical eMBB control channel block length and coding rate. Besides, a typical SCL decoder can skip the LLR calculation and path metric accumulation on those frozen bits prior to the 1st information bit and after the last CRC bit. The complexity and latency due to processing of frozen bits could be omitted.
2.1 DL for K+nFAR>=12 and nFAR=16
In this section, the FAR and early termination performance for DL control channel is evaluated. Simulation parameters are listed in Table 2. 
[bookmark: _Ref485027012]Table 2. Simulation parameters for FAR and ET gain on DL
	Channel
	AWGN

	Modulation
	QPSK

	Construction
	Sequence in [3], DCRC

	List size
	8

	Rate matching
	Puncturing/Shortening [4]

	Info. length
	K=[8:1:120 130:10:200]

	Code length
	M=[96,192,384,768], Nmax=512



With the same simulation parameters, more results for the proposed CRC polynomials and interleavers in [5] for DL control channel with nFAR=[17,18,19,20,21] can be found in Appendix A.


Scheme 1 [5][12]:
· FAR and ET gain with AWGN input
[image: ]  [image: ]

· FAR and ET gain with random QPSK input
[image: ]   [image: ]
· FAR and ET gain with intended codeword input
[image: ]  [image: ]
Figure 1. FAR and ET gain for Scheme 1.


Scheme 2 (Pattern 1):[6]
· FAR and ET gain with AWGN input
[image: ][image: ]
· FAR and ET gain with random QPSK input
[image: ][image: ]
· FAR and ET gain with intended codeword input
[image: ][image: ]
Figure 2. FAR and ET gain for Scheme 2.




Scheme 3 (CRC polynomial = ‘0xE4001’,C0=4,C1=0): [7]
· FAR and ET gain with AWGN input
[image: ] [image: ]
· FAR and ET gain with random QPSK input

[image: ] [image: ]
· FAR and ET gain with intended codeword input
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Figure 3. FAR and ET gain for Scheme 3



Scheme 4 (Eight interleavers, Kmax=200): [8]
· FAR and ET gain with AWGN input
[image: ] [image: ] 
· FAR and ET gain with random QPSK input
[image: ] [image: ]
· FAR and ET gain with intended codeword input
[image: ]  [image: ]
Figure 4. FAR and ET gain for Scheme 4.



Scheme 5 (CRC polynomial = ‘0xE18BB’, distributing 3 CRC bits): [9]
· FAR and ET gain with AWGN input

[image: ][image: ]
· FAR and ET gain with random QPSK input
[image: ][image: ]
· FAR and ET gain with intended codeword input
[image: ][image: ]
Figure 5. FAR and ET gain for Scheme 5.



Scheme 6: [10]
· FAR and ET gain with AWGN input
[image: ][image: ]
· FAR and ET gain with random QPSK input
[image: ][image: ]
· FAR and ET gain with intended codeword input
[image: ][image: ]
Figure 6. FAR and ET gain for Scheme 6


Scheme 7: [11]
· FAR and ET gain with AWGN input
[image: ][image: ]
· FAR and ET gain with random QPSK input
[image: ][image: ]
· FAR and ET gain with intended codeword input
[image: ][image: ]
Figure 7. FAR and ET gain for Scheme 7.



Scheme 8: [13]
· FAR and ET gain with AWGN input
[image: ] [image: ]
· FAR and ET gain with random QPSK input
[image: ] [image: ]
· FAR and ET gain with intended codeword input
[image: ][image: ]
Figure 8. FAR and ET gain for Scheme 8.



Observation 1: For DL control channel with nFAR =16, scheme 1 proposed in[5][12] can achieve a good balance between the FAR and ET gain.

2.2 UL for K+nFAR>22
In below, the FAR performance for UL control channel with K+nFAR>22 is evaluated. Simulation parameters are listed in Table 3.
Table 3. Simulation parameters for FAR and ET gain on UL
	Channel
	AWGN

	Modulation
	QPSK

	Construction
	Sequence in [3], DCRC

	List size
	8

	Rate matching
	Puncturing/Shortening [4]

	Info. length (including CRC)
	K=[24:4:200]

	Code Rate
	R=[1/12,1/6,1/3,1/2,2/3]

	nFAR
	8

	Polynomial*
	0x94F


* The corresponding interleaver tables are listed in [5]
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(c)                                       (d)
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(e)                                       (f)
Figure 8. For nFAR of 8 and CRC polynomial 0x94F, (a)(c)(e) and (b)(d)(f) show the FAR and early termination gain respectively. (a)(b), (c)(d), and (e)(f) are corresponding to AWGN, random QPSK and intended codeword input respectively.
Observation 2: The nFAR requirement can be fulfilled for the given CRC polynomial in Table 3 and the corresponding interleaver [5]. 
3  Conclusion
In this contribution, for DL with K+nFAR>=12 and UL with K+nFAR>22 we evaluate the FAR and ET gain performance. 
Observation 1: For DL control channel with nFAR =16, scheme 1 proposed in[5][12] can achieve a good balance between the FAR and ET gain.
Observation 2: The nFAR requirement can be fulfilled for the given CRC polynomial in Table 3 and the corresponding interleaver [5]. 
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Appendix A
Table A1. Polynomial for nFAR=[17,18,19,20,21] in [5]
	nFAR
	17
	18
	19
	20
	21

	Polynomial*
	0x191513
	0x2E2A69
	0x552A55
	0x86F4A1
	0x1D11A9B


* The corresponding interleaver tables are listed in [5]

· nFAR=17
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(e)                                       (f)
Figure A1. For nFAR of 17 and CRC polynomial 0x191513, (a)(c)(e) and (b)(d)(f) show the FAR and early termination gain respectively. (a)(b), (c)(d), and (e)(f) are corresponding to AWGN, random QPSK and intended codeword input respectively.

· nFAR=18
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(a)                                       (b)
[image: ][image: ]
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(e)                                       (f)
Figure A2. For nFAR of 18 and CRC polynomial 0x2E2A69, (a)(c)(e) and (b)(d)(f) show the FAR and early termination gain respectively. (a)(b), (c)(d), and (e)(f) are corresponding to AWGN, random QPSK and intended codeword input respectively.


· nFAR=19
[image: ][image: ]
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(c)                                       (d)
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(e)                                       (f)
Figure A3. For nFAR of 19 and CRC polynomial 0x552A55, (a)(c)(e) and (b)(d)(f) show the FAR and early termination gain respectively. (a)(b), (c)(d), and (e)(f) are corresponding to AWGN, random QPSK and intended codeword input respectively.






· nFAR=20
[image: ][image: ]
(a)                                       (b)
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(e)                                       (f)
Figure A4. For nFAR of 20 and CRC polynomial 0x86F4A1, (a)(c)(e) and (b)(d)(f) show the FAR and early termination gain respectively. (a)(b), (c)(d), and (e)(f) are corresponding to AWGN, random QPSK and intended codeword input respectively.






· nFAR=21
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(e)                                       (f)
Figure A5. For nFAR of 21 and CRC polynomial 0x1D11A9B, (a)(c)(e) and (b)(d)(f) show the FAR and early termination gain respectively. (a)(b), (c)(d), and (e)(f) are corresponding to AWGN, random QPSK and intended codeword input respectively.
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