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Introduction
In RAN1#87, Polar codes were adopted as channel coding for uplink control information and downlink control information (working assumption) for eMBB system except for very small block length [1]. Golay based block codes have been proposed for very small block length with coded length of 20,24, and 32 bits [3]. Reed muller (RM) based block codes in LTE are proposed for very small block length [4]. In addition, PC-Polar codes with special design with coded length of 20 and 32 bits are also proposed for such small block length [5]. In RAN1#88b, RM based block codes has been decided for very small block length  with payload size less than 12 bits and Polar codes are decided for payload size between 12 bits and 22 bits. Below is the agreement in Chairman’s note in RAN1#88b[2]. 
Agreement: 
· K=1 (if channel coding is applied):
· Repetition code
· K=2 (if channel coding is applied):
· Simplex code
· 3<=K<=11:
· LTE RM code
· Note that if NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM code will be extended by repetition as in LTE
· 12<=K:
· Polar code (single design for all control information sizes, except for possible omission of CRC bits for payloads <= ~22 bits)

According to this agreement, we propose CA-Polar for the case with payload between 12 bits to 22 bits.  We also compare the performance between CA-Polar [6] and PC-Polar [7] in this contribution.   
Simulation parameters
In this contribution, we will focus on the performance comparison between CA-Polar and PC-polar for very small block length with payload size between 12 bits and 22 bits. PW construction are used for all the cases. Block puncture is applied for CA-Polar as suggested in [12] while bit-reversal shortening is applied for PC-Polar which is suggested in [7]. 
The detailed simulation parameters for very small block length are listed in Table 1. 
Table 1 Simulation parameters for control channel
	Channel
	AWGN

	Modulation
	QPSK

	Construction
	PW

	Coding Scheme
	CA
	PC(HW)

	Concatenation
	CRC-Polar
	PC-Polar

	Rate-matching
	Block puncture
	Bit-reversal shortening

	Number of information bits
	12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22

	Coded block size
	48 bits

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

	CRC bits
	Number of CRC based on FAR requirement
	0

	PC bits
	0
	Variable J’ and J’ ≤ 8





    







Comparison of decoding BLER of polar codes CA vs. PC
In this section, we will compare the BLER performance between CA-polar with varaible CRC bits and PC-Polar. 
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Figure 1 Required SNR at decoding BLER of 1% for variable CRC length
[image: ]
Figure 2 Required SNR at decoding BLER of 0.1% for variable CRC length
The comparison of required SNR at 1%  and 0.1% decoding BLER defined in [8] are depicted in Figure 1 and Figure 2, respectively. It is seen that the decoding BLER performance for CA-Polar with 3-bit or 5-bit CRC is comparable/better than that of PC-Polar (up to 0.4dB).
Observation 1: CA-polar outperforms PC-Polar in terms of decoding BLER.
Comparison of detection BLER of polar codes for control payload (potentially UCI on PUCCH)
It needs to be emphasized that the key differnce for very small block coding for UCI on PUCCH is that CRC attachment may not be applied for error detection. Metric based pruning may be used to reduce FAR at the cost of worse error detection capability. Tradeoff needs to be evaluated to see the benefit of CRC overhead reduction vs the detection BLER performance degradation due to path metric pruning. In this section, we make comparison on CA-polar with short CRC length and PC-polar without any CRC attachment. CA-polar and PC-polar both with CRC attachment will be discussed in the next section. 
The soft-metric that proposed [9] was used for both signal detection and error detection for PC-polar. For error detection, the CRC bit itself has the capability to reduce the FAR significantly in addition to its error correction capability. In addition, a simple yet effective correlation value based metric could be utilized for further FAR supression. In order to make the comparison fair, an SNR dependent threshold was calculated that achieves a constant 10% FAR for both PC and CA polar.
FAR reduction is evaluated according to agreement per RAN1-adhoc:
Agreement:
· To compare CRC-related aspects of polar code design,
· The same FAR performance (the same as LTE) should be considered for a fair comparison
· List size Lmax 8 is the baseline (evaluations of other values are not precluded)
· Performance metrics (may be based on analytic derivation)
· BLER
· FAR (with AWGN as input to the decoder)

FAR with AWGN as input to the decoder is a relevant scenario for small block length over UCI to consider (i.e. the no transmission packet detection capability). It is known that UCI is reception with non-transmissed packet is only happening when PDCCH is failed in UE’s reception. Considering PDCCH BLER requirement of 1%, the targeting performance of no packet to with packet should be lower than 10% which ensures an overall error packet utilization ration under 0.1%, which is similar to the target detection BLER of UCI. For CA-polar with 7 or 8 bit CRC, the FAR is well below 10% with list size 8 decoding that remaining CRC bit is highly effective in error detection. For PC-polar, the path-metric based approach defined in [9] with associated threshold achieved with error packet detection was utilized. We first compare the FAR under no signal transmission (AWGN as input) for both PC and CA-polar.
In Figure 3, It is observed that for CA-polar with 7-bit CRC and 8-bit CRC, FAR <= 10% is achieved for all SNR (with AWGN as input to decoder). For PC polar with K=12, on the other hand, since the threshold is designed for FAR performance with signal transmission [9], the performance degrade for without signal transmission. Up to 20% packet will pass the threshold even without signal transmitted on high SNR case.
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Figure 3 FAR comparison of PC vs. CA-polar with AWGN as inputs
In Figure 4, FAR of CA vs. PC are compared in the presence of signal transmission. Since the pruning threshold is optimized for this scenario, both PC and CA polar FAR performance meets the 10% FAR requirement. However, in order to meet the FAR requirement with AWGN as inputs only, the threshold may need to be further raised for PC polar case. However, we will see even without further raising the threshold, PC polar detection BLER performance is already inferior to CA polar.
[image: ]
Figure 4 N=48 and K=12 performance comparison
The comparison of the required SNR at detection BLER of 1% for PC and CA with 7-bit CRC and 8-bit CRC are depicted in Figure 5. The threshold values used to control FAR are the same as those used in Figure 3 and Figure 4. The detection BLER for PC-polar is substantially worse than that of CA polar by around 0.5dB across the K region. The reason behind the observation is that:
1) joint error correction and error detection capability of CA polar is more efficient than PC polar
[bookmark: _GoBack]2) pure path metric based error detection needs to pay huge cost for PC polar to meet the desired FAR target. 
Note that if the threshold was set to meet targering 10% FAR for both with and without signal transmission cases, the detection BLER as shown above will be further degraded for PC-polar.
It is fair to make the conclusion that compared with PC-polar without CRC and path metric based error detection, CRC 7~8 bits with additonal metric assistance is much better in detection BLER while achieving the same target FAR.
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Figure 5 Required SNR at detection BLER of 1% 
Observation 2: CA-polar meet requirement of both signal and error detection FAR with and without signal transmission.
Observation 3: PC-polar performance degrades drastically to meet the required FAR with and without signal transmission.
Observation 4: CA-polar outperforms PC-polar in terms of FAR and detection BLER.
Observation 5: PC-polar with path-metric based approach failed to achieve the FAR with no signal transmission.
Observation 6: CA-polar outperforms PC-polar in terms of targeting FAR in case of no transmission of desired signal.
Comparison of detection BLER of polar codes for control payload (potentially UCI on PUSCH)
In LTE UCI design on PUSCH, 8 bit CRC is attached to the encoder to minimize the flase alarm rate of decoded packet. In [11], the performance comparison of PC-polar with 8 bit CRC and CA-polar with 11 bit CRC was provided. As shown in the results, CA-polar outperforms PC-polar in the decoding performance under the same error detection capability. Similar observations are made by other companies.
Observation 7: CA-polar with 11-bit CRC outperforms PC-polar with 8-bit CRC. 
Conclusions
Observation 1: CA-polar outperforms PC-Polar in terms of decoding BLER.
Observation 2: CA-polar meet requirement of both signal and error detection FAR with and without signal transmission.
 Observation 3: PC-polar performance degrades drastically to meet the required FAR.
Observation 4: CA-polar outperforms PC-polar in terms of FAR and detection BLER.
Observation 5: PC-polar with path-metric based approach failed to achieve the FAR with no signal transmission.
Observation 6: CA-polar outperforms PC-polar in terms of targeting FAR in case of no transmission of desired signal.
Observation 7: CA-polar with 11-bit CRC outperforms PC-polar with 8-bit CRC.

Proposal: Adopt CA-polar for small block coding scheme for 11 < K < 23.
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