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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
For the Polar code construction on uplink, the following was agreed in RAN1 #90 [1]: 
Agreement: 
For UL code construction: 
· (nFAR + 3) CRC bits are generated by a single CRC polynomial
· CRC polynomial is FFS 
· Companies are to provide CRC proposals by 6th September
· Working Assumption: The CRC bits are attached as a block to the end of info bits
· Can be revisited at NR AH#3 if FAR is shown to exceed 1.5 x 2^-nFAR.

[bookmark: _Ref477266525]In this contribution, the CRC polynomials with different lengths for UCI are investigated. The CRC length design for UCI is also discussed.
2. Discussion
2.1 Proposed CRC polynomials for UCI
To fulfill the variant nFAR and BLER requirements of UCI, following the agreement in last meeting, the CRC polynomials with different lengths for Polar code construction on uplink are provided in Table 1.
[bookmark: _Ref492659506]Table 1. CRC Polynomials with Lcrc = {3, 4, 5, 6, 8, 11, 16} for UL Polar code construction 
	nFAR
	0
	1
	2
	3
	5
	8
	13

	Lcrc
	3
	4
	5
	6
	8
	11
	16

	Polynomial
	D3+ D2+ 1
	D4+ D3+ 1
	D5+ D3+ 1

	D6+ D5+ 1

	D8+ D6+
D5+ D3+ 1

	D11+ D10+  D9+ D5+ 1
	D16+ D15+ D14+ D13+ D12+ D11+ D8+ D7+ D6+ D4+ 1


2.2 BLER and FAR Performance Evaluation
In this section, the BLER and FAR performance for the proposed CRC polynomials listed in Table 1 are evaluated using the agreed Polar sequence and rate matcher in [1].
For the polynomials with Lcrc={3,4,5,6,8}, the BLER and FAR performance is evaluated with the simulation parameters listed in Table 2.
[bookmark: _Ref492659496]Table 2. Simulation parameters for CRC polynomials with Lcrc = {3, 4, 5, 6, 8}
	Channel
	AWGN

	Modulation
	QPSK

	List size
	8

	Information block size with CRC
	K=[12-nFAR:1:50] + Lcrc

	Code length
	M=[48, 64:32:256]



Lcrc = 3, K=[12:1:50]+3
 [image: ] [image: ]
Figure 1. BLER and FAR for CRC Polynomial with Lcrc=3

Lcrc = 4, K=[11:1:50]+4
 [image: ] [image: ]
Figure 2. BLER and FAR for CRC Polynomial with Lcrc=4

Lcrc = 5, K=[10:1:50]+5
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Figure 3. BLER and FAR for CRC Polynomial with Lcrc=5
Lcrc = 6, K=[9:1:50]+6
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Figure 4. BLER and FAR for CRC Polynomial with Lcrc=6
Lcrc = 8, K=[7:1:50]+8
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Figure 5. BLER and FAR for CRC Polynomial with Lcrc=8
For the polynomials with Lcrc = {11,16}, the FAR performance is evaluated with the simulation parameters listed in Table 3. The BLER performance can be found from [3]. 
[bookmark: _Ref492660336]Table 3. Simulation parameters for CRC Polynomials with Lcrc = {11,16}
	Channel
	AWGN

	Modulation
	QPSK

	List size
	8

	Information block size with CRC
	K=[32:1:512] + Lcrc

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


Lcrc =11
[image: ]
Figure 6. FAR for CRC Polynomial with Lcrc=11
Lcrc =16
[image: ]
Figure 7. FAR for CRC Polynomial with Lcrc=16

Observation 1: The proposed CRC polynomials for UL code construction listed in Table 1 (proposed in [20]) show stable BLER performance and fulfill the different FAR requirements for UCI.

Proposal 1: Adopt the CRC polynomials listed in Table 1 as candidates for UL Polar code construction for different nFAR requirements.
2.3 CRC Length for UL Code Construction
In NR UL design, the CRC length should be decided by the detection performance requirement according to the content in UCI, rather than payload size. A similar design approach was used in the LTE UCI format discussion.
[image: ]
[bookmark: _Ref492913985]Figure 8. BLER performance for Lcrc = 3 and 11 when M=48, L=8
In Figure 8, it is clearly shown that the performance gap is up to 1.6 dB by adding 11 bits CRC to the small payload. A design with such large performance loss is not a good design and this is the reason that further study is needed before deciding how many CRC bits should be added to the payload size, especially for small UCI.
For example, in LTE, the requirement for HARQ-ACK detection performance is defined for PUCCH and PUSCH in TS 36.104 [5]. For PUCCH, the DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent, shall not exceed 1%. From the discussion in RAN1#62b and #63, dual-RM and TBCC without CRC were the two alternatives for more than 11-bits HARQ-ACK information [6][7]. CRC was not appended for TBCC, because it significantly degrades the performance due to large overhead for such small payloads. The final agreement is that HARQ-ACK information with more than 11 bits on PUSCH or format 3 with more than 11 bits on PUCCH are encoded using dual-RM code due to its better performance [4]. 
To achieve at least as good performance as that in LTE, the design of NR UL control channel should follow the similar procedure to decide the proper CRC length and/or payload range. Following the discussion in LTE-A [8][9][10], the channel coding design should be the one approaching the best HARQ-ACK performance while satisfying the DTX-to-ACK requirement.
The performance measure can be defined as 
Overall required SNR for  and 
with the probabilities defined in Appendix A.1. The cases with and without DTX detection should both be evaluated. In other words, the DTX to ACK probability shall not exceed 1%. 
We evaluate the above performance measure in AWGN channel with List=8 and Lcrc={3, 11}, and the results are shown in Figure 9.
 [image: ]
[bookmark: _Ref492914099]Figure 9. Overall required SNR HARQ-ACK detection
By energy detection method for Lcrc=3 and CRC checking for Lcrc=11, in Figure 9 we can see that the performance loss is up to 1 dB for small payload size. Since the UCI size and content is not agreed yet, the CRC length (Lcrc) for UCI should be FFS.
Proposal 2: FFS whether the nFAR value should be dependent on the UCI contents and payload size.
Proposal 3: FFS whether same nFAR value is applied to UCI on PUCCH and PUSCH.

2.4 Evaluation Results for CRC Polynomials in [11]
According to the email discussion in [11], more companies provided their CRC polynomials proposals for UCI, which are summarized in Table 4.
Table 4. CRC polynomial proposed in [11].
	
	Scheme 1:
CATT[12]
	Scheme 2:
DOCOMO
[13]
	Scheme 3:
Ericsson
[14]
	Scheme 4:
NEC[15]
	Scheme 5:
Nokia[16]
	Scheme 6:
InterDigital[17]
	Scheme 7:
Qualcomm
[18]
	Scheme 8:
Samsung
[19]

	CRC 3 polynomial
	
	D3+ 1
	
	D3+ D+ 1
	D3+ D2+ 1
	
	
	

	CRC 8 polynomial
	
	D8 + D7 + D4 + D3 + D + 1

	D8 + D7 + D6 + D4 + D2 + D + 1
	x8+x7+x3+x2+1
	D8 + D7 + D4 + D3 + D + 1

	
	x8 + x7 + x4 + x3 + x + 1

	

	CRC 11 polynomial
	D11 + D10 + D9 + D8 + D7 + D5 + D4 +D3 + D2 + D + 1
	D11 + D8 +D7 + D6 + D5 + D3 + D + 1

	D11 + D10 + D9 + D7 + D6 + D5 + D3 + D + 1
	x11 + x10 + x9 + x7 + x5 + 1
	D11 + D8 + D7 + D6 + D5 + D3 + D + 1

	D11 + D10 + D6 + D4 + D2 + D + 1

	x11 + x9  + x8 + x7 + x6 + x4 + x3 + x2 + x  + 1
x11 + x2 + 1
	D11 + D10 + D7 + D5 + D2 + D + 1

	CRC 16 polynomial
	
	
	
	
	D16+D12 +D5+1
	
	
	


For CRC length = 3 or 8, BLER/FAR performance is evaluated with the simulation parameters listed in Table 2. For CRC length = 11 or 16, FAR performance is evaluated with the simulation parameters listed in Table 3.
CRC 3, K=[12:1:50]+3
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Figure 10 BLER for CRC3
CRC 8, K=[7:1:50]+8
Scheme 2, 5, and 7:
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Figure 11.1 FAR for Scheme 2, 5 and 7,CRC8

Scheme 3:
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Figure 11.2 FAR for Scheme 3,CRC8

Scheme 4:
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Figure 11.3 FAR for Scheme 4,CRC8

CRC 11
Scheme 1:
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Figure 12.1 FAR for Scheme 1,CRC11

Scheme 2, and 5:
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Figure 12.2 FAR for Scheme 2 and 5, CRC11

Scheme 3:
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Figure 12.3 FAR for Scheme 3, CRC11

Scheme 4:
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Figure 12.4 FAR for Scheme 4, CRC11

Scheme 6:
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Figure 12.5 FAR for Scheme 6, CRC11

Scheme 7:
[image: ][image: ]
(a) [bookmark: _GoBack]x11 + x9 + x8 + x7 + x6 + x4 + x3 + x2 + x + 1                   (b) x11 + x2 + 1
Figure 12.6 FAR for Scheme 7, CRC11

Scheme 8:
[image: ]
Figure 12.7 FAR for Scheme 8, CRC11
CRC 16
Scheme 5:
[image: ]
Figure 13 FAR for Scheme 5,CRC16

Observation 2: For CRC 3, scheme 4, and 5 in Table 4 show similar BLER performance.
Observation 3: For CRC 8, scheme 3, 4 in Table 4 can meet the FAR requirement.
Observation 4: For CRC 11, scheme 3, 4, 6, 8 in Table 4 can meet the FAR requirement.

3. Conclusion
In this contribution, we evaluate the BLER and FAR performance for UL code construction with the CRC polynomials with length Lcrc = {3,4,5,6,8,11,16}, we have following observations and proposal:
Observation 1: The proposed CRC polynomials for UL code construction listed in Table 1 (proposed in [20]) show stable BLER performance and fulfill different FAR requirements for UCI.

Proposal 1: Adopt the CRC polynomials listed in the Table below as candidates for UL Polar code construction for different nFAR requirements.

	nFAR
	0
	1
	2
	3
	5
	8
	13

	Lcrc
	3
	4
	5
	6
	8
	11
	16

	Polynomial
	D3+ D2+ 1
	D4+ D3+ 1
	D5+ D3+ 1

	D6+ D5+ 1

	D8+ D6+
D5+ D3+ 1

	D11+ D10+  D9+ D5+ 1
	D16+ D15+ D14+ D13+ D12+ D11+ D8+ D7+ D6+ D4+ 1



Proposal 2: FFS whether the nFAR value should be dependent on the UCI contents and payload size.
Proposal 3: FFS whether same nFAR value is applied to UCI on PUCCH and PUSCH.

From the evaluation results about other proposals in [11]:
Observation 2: For CRC 3, scheme 4, and 5 in Table 4 show similar BLER performance.
Observation 3: For CRC 8, scheme 3, 4 in Table 4 can meet the FAR requirement.
Observation 4: For CRC 11, scheme 3, 4, 6, 8 in Table 4 can meet the FAR requirement.
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Appendix
A.1 Detection Probability Definition 
The DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent, is defined as follows:

where:
●	#(false ACK bits) denotes the number of detected ACK bits. 
●	#(ACK/NACK bits) denotes the number of encoded bits per sub-frame
●	#(PUCCH DTX) denotes the number of DTX occasions
The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position, where the NACK to ACK detection probability is defined as follows:

where:
●	[image: ]denotes the total number of NACK bits transmitted 
●	[image: ]denotes the number of NACK bits decoded as ACK bits at the receiver, i.e. the number of received ACK bits
●	NACK bits in the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when DTX is sent should not be considered.
The ACK missed detection probability is the probability of not detecting an ACK bit when an ACK bit was sent on the particular bit position, with each missed ACK bit being accounted as one error.
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