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Introduction
In RAN1 NR Ad-Hoc meeting, the following agreements have been reached for eMBB channel coding [1].
Agreement: 
· The channel coding working assumptions from RAN1#87 are agreed, with clarification that the mentioned DL control information means DCI (i.e. does not include PBCH, SIBs or PCFICH (if it exists for NR))
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)
· Polar codes for control channels support one of the following alternatives:
· Alt. 1: CRC + “basic polar” (i.e. as per above agreed description) codes
· 1a: Longer CRC
· e.g.	(J + J’) bits CRC + basic polar
· 1b: J bit CRC
· The J bits can be distributed
· The CRC can be used for both error detection and error correction
· Alt. 2: J bits CRC + concatenated polar codes 
· e.g.	 J bits CRC + J’ bits CRC + basic polar;
            	 J bits CRC + J’ bits distributed CRC + basic polar;
           	 J bits CRC + PC bits + basic polar; (i.e. PC-Polar)
           	 J bits CRC + Hash sequence + basic polar;
	…
· J bits CRC is only used for error detection
In this contribution, we discuss some key characteristics and performance of polar codes for eMBB control channels.
Discussion
1.1 Evaluation description 
· Polar decoding schemes – List decoding with size L
1) CRC-aided: The coding scheme in which CRC is used for selecting decoding paths candidates and determining the final result of polar list decoding.
2) CRC-less: The polar coding scheme in which CRC bits are not used for list decoding path selection, which is referred as CRC-less scheme. PC-polar code [2] and hash-polar [3] are considered as CRC-less schemes and evaluated in this contribution.
1.2 CRC-less/CRC-aided polar codes
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK9][bookmark: OLE_LINK13][bookmark: OLE_LINK16][bookmark: OLE_LINK17]For CRC-less polar codes, 16 and 12bits CRC sequence length are used for PC-polar and hash-polar, respectively according to target false alarm performance in [3],  When  CRC-aided scheme adopts list size L in list decoding, log2(L) additional CRC bits should be added to maintain the comparable false alarm performance with that of CRC-less scheme. Thus, CRC sequences of 19 and 20bits are used for evaluation of CRC-aided polar codes with list size L=8, and 16, respectively.  It is obviously that the length of CRC bits, e.g. 16+log2(L), will be the constraint of decoding ability in the  list size used for Polar decoder for CRC aided polar codes.  L=8 might appropriate for large block size.   For small block size of control information, list size L>8 can boost its performance significantly with reasonable implementation complexity. Therefore, , L=16 is adopted for small information block size K=32 and L=8 is used for large block size K=200 in our simulation,.
Observation 1: For CRC-aided polar codes, the length of CRC bits will set the limit of  UE decoding performance.
Observation 2: For small block size control information, list size L>8 can boost its performance with reasonable implementation complexity. 
The performance of CRC-aided and CRC-less polar schemes for control channel are compared with various information block sizes, list sizes and coding rates.
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Figure 1: The performance comparison between CRC-less and CRC-aided polar codes with K=32, L=16.

 [image: ]
Figure 2: The performance comparison between CRC-less and CRC-aided polar codes with K=200, L=8.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]As shown in Figure 1, we can see that with small block size and list size L=16, hash polar have better BLER performance than those of CRC-aided scheme for all the evaluated scenarios. The performance comparison for large block size is given in figure 2. We can see that hash-polar, PC-polar and CRC aided polar codes have comparable performance with K=200 and list size L=8. We also note that hash-polar codes have better false alarm performance [3] for large block size with list size L=8.
Observation 3: For small block size and list size L=16, hash polar have better BLER performance than those of CRC-aided scheme for all the evaluated rates.
Observation 4: For large block size and list size L=8, all the polar schemes have comparable performance but hash-polar have better false alarm performance.
Proposal 1: CRC-less polar codes scheme is supported for NR control channel.
1.3 Rate-matching aspect 
[bookmark: OLE_LINK7]Theoretically, polar codes can approach any low coding rates required in control channel. The encoding and decoding complexity will increase exponentially as the code rate decreases. The coding gain might not increase in proportion to the ratio of code rate reduction.. Thus, rate-matching of basic code rate to achieve lower code rate should be considered. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK10]We evaluate the performance of polar codes with code rate 1/6 and 1/12. To make fair comparison, the rate matching scheme is used to generate the desired code rate.  The equivalent code rate 1/6 is generated from the repetition of the polar codes with mother code rate 1/3.The equivalent code rate 1/12 is generated from the repetition of the polar codes designed of mother code rate 1/6.
We compare the performance of PC polar codes for control channel with various information block sizes (K=32, 80, 200), code rate (R=1/6 and 1/12) with list size (L=8).  The simulations are conducted over the BI-AWGN channel with QPSK modulations. The simulation results are shown in Figures 13-15.
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           Figure 13: K=32, QPSK and R=1/12 and 1/6
[image: ]
          Figure 14: K=80, QPSK and R=1/12 and 1/6
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Figure 15: K=200, QPSK and R=1/12 and 1/6
As shown in Figures 13-15, we can see that polar codes without repetition can achieve about 0.5dB coding gain over that of the rate matching scheme at K=32, 80, 200 bits for coding rate R=1/6 case.  With coding rate R=1/12, the coding gain between polar codes with/without repetition is about 0.4 dB, 0.14 dB and 0.12 dB for K=32, 80, 200 bits, respectively. The coding gain between polar codes with and without repetition decreases as the increase of the information block length for coding rate R=1/12 case,. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK20][bookmark: OLE_LINK23][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Observation 5: Polar codes with rate R=1/6 can achieve about 0.5 dB coding gain over that of repetition scheme.
Observation 6: The coding gain between polar codes with/without repetition will decrease as the increase of the information block length for code rate 1/12.
Proposal 2: Polar codes can support minimum code rate at least 1/6.
Conclusion 
The above discussion is summarized with following observations and proposals:
Observation 1: For CRC aided polar codes, CRC bits length constrains UE decoding performance.
Observation 2: For small block size control information, list size L>8 can boost its performance with reasonable implementation complexity. 
Observation 3: For small block size and list size L=16, hash polar have better BLER performance than those of CRC-aided scheme for all the evaluated rates.
Observation 4: For large block size and list size L=8, all the polar schemes have comparable performance but hash-polar have better false alarm performance.
Observation 5: Polar codes with rate R=1/6 can achieve about 0.5 dB coding gain over that of repetition scheme.
Observation 6: The coding gain between polar codes with/without repetition will decrease as the increase of the information block length for code rate 1/12.
Proposal 1: CRC-less polar codes scheme is supported for NR control channel.
Proposal 2: Polar codes can support minimum code rate at least 1/6.
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