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1 Introduction
In RAN WG1 #88b meeting, the following agreement on Polar code is reached [1]
Agreement:

· 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? 
Early termination is beneficial for reducing the decoding latency, especially in case of blind decoding for downlink, Polar codes with distributed CRC [2]
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 \* MERGEFORMAT [4] and Polar codes with distributed simple parity check [5]are discussed for this beneficial. The CRC bits or simple parity check bits can be used either as PC frozen bits to improve performance or as parity check bits for early termination and FAR. However, It can not obtain both of them simultaneously. In this document, we will evaluate the performance of Distributed CRC.
2 Distributed CRC used to assist decoding
In this section, we evaluate the BLER performance of Polar with Distributed CRC and CA-Polar. Additional distributed CRC bits are only used to assist decoding The simulation parameters are listed in Table 1.
Table 1 Simulation parameters for control channel
	Channel
	AWGN

	Modulation
	QPSK

	Construction
	PW

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

	Info. block length
	{ 48, 64 80, 120, 200}

	Coding Scheme
	CA
	Distributed CRC

	Concatenation
	CRC-Polar
	Distributed CRC-Polar

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

	CRC bits
	19
	16
	19

	Additional Distributed CRC
	0
	6
	3


In CA, the CRC bits is 19 to normalize the false alarm rate of CA-SCL with L=8.

In distribted CRC, the first 16 bits CRC are only used for detection and the following 6 distributed CRC bits are only used as PC frozen bits to assist decoding of PC-SCL with L=8. Alternatively, in distribted CRC, the first 19 bits CRC are used for joint signal detection and CA-SCL decoding with L=8, and the following 3 distributed CRC bits are only used as PC frozen bits to assist decoding . 
Simulation results are shown in Figure 1. It is observed that the performance of CA with L=8 is better than Distributed CRC for all cases, the additional distributed CRC used as PC frozen bits don’t improve the performance.
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Figure 1 Performance comparison between different Distributed CRC and CA
Observation 1 The additional distributed CRC used as PC frozen bits don’t improve the performance.
3 Distributed CRC used for early termination
In this section, we evaluate the distributed CRC used for early termination. A 19-bit distributed CRC are all used as parity check bits, Once a distributed parity-check bit is decoded, the decoder would use it to check all the survival paths. If all paths checked as “failure”, the decoder terminate the process. The following parameters defined are used to evaluate the gain of early termination [2].
· Early termination Ratio (ET Ratio) = Early terminated decoding attempts / All decoding attempts

· Total Saved Computational Complexity Ratio (TSCCR)= Remaining non-decoded non-frozen bits in all decoding attempts / All non-frozen bits in all decoding attempts
First, we compare the BLER and FAR performance of distributed CRC used for early termination with CA, simulation parameters are listed in Table 2 and simulation results are shown in Figure2 and Figure3. 
Table 2 Simulation parameters for control channel
	Channel
	AWGN

	Modulation
	QPSK

	Construction
	PW

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

	Info. block length
	{ 32, 48 }

	List size
	L=8

	Coding Scheme
	CA
	Distributed CRC

	CRC bits
	19
	0

	Distributed CRC
	0
	19
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Figure2 FAR and BLER of Distributed CRC polar code with Early Termination for K = 32
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Figure3 FAR and BLER of Distributed CRC polar code with Early Termination for K=48

Figure2 and Figure3 shown that Distributed CRC used for early termination have the same BLER and FAR performance as CA-Polar.

Observation 2 Distributed CRC used for early termination have the same BLER and FAR performance as CA-Polar.
Second, The ET Ratio and TSCCR are provide to evaluate the gain of early termination with different list sizes in Figure4 and Figure5. Simulation parameters are listed in Table 3. 
Table 3 Simulation parameters for control channel
	Channel
	AWGN

	Modulation
	QPSK

	Construction
	PW

	Code rate
	1/6, 1/2

	Info. block length
	{ 32, 48 }

	Coding Scheme
	Distributed CRC

	List size
	L= 8,16,32

	CRC bits
	0

	Distributed CRC
	19
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Figure4 Performance of Early Termination with 19-bit Distributed CRC bits with different list sizes for K=32
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Figure5 Performance of Early Termination with 19-bit Distributed CRC bits with different list sizes for K=
Figure4 and Figure5 shown that when EsN0 is low, the early termination ratio is 100%, and about 50% complexity can be saved due to the early termination.
Observation 3 The early termination due to distributed CRC saves up about 50% computational complexity.
Proposal 1 : The early termination should be considered for downlink.
4 Conclusion
In this document, we evaluate the performance of Distributed CRC. We have the following observations and proposal:
Observation 4 The additional distributed CRC used as PC frozen bits can’t improve the performance.
Observation 5 Distributed CRC used for early termination have the same BLER and FAR performance as CA-Polar.
Observation 6 The early termination due to distributed CRC saves up about 50% computational complexity.
Proposal 1 : The early termination should be considered for downlink.
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