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Introduction
In RAN1 #87 meeting, the following assumptions have been agreed for eMBB channel coding [1].
Agreement: 
· UL eMBB data channels:
· Working Assumption to adopt flexible LDPC as the single channel coding scheme for small block sizes (to be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, implementation complexity and flexibility)
· (Note that it is already agreed to adopt LDPC for large block sizes)
· DL eMBB data channels:
· Adopt flexible LDPC as the single channel coding scheme for all block sizes
· UL control information for eMBB
· Adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· DL control information for eMBB
· Working Assumption to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· To be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, latency, power consumption and implementation complexity
In this contribution, we discuss some key characteristics and performance of polar codes for eMBB control channels.

Discussion
1.1 Evaluation description 
· Evaluation metrics and performance target
To determine polar coding scheme for control channel, the false alarm rate performance is the considered in addition to the BLER. The false alarm rates can be defined as follows:
              ，which taking into account both coding performance and CRC error-detection effect.
The false alarm rate of 10-4 is the performance target in the simulation. We study the CRC-aided scheme and CRC-less scheme for polar codes to meet requirements that FA should be less than10-4 at any SNR.
· 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] as CRC-less scheme is evaluated in this contribution.
3) CRC: The generating polynomials of the length 16,17,18 and 19 are as follows,
g(x)CRC-16 =1+x5+x12+x16, g(x)CRC-17 = 1+x+x2+x5+x7+x9+x10+x12+x13+x14+x16
 g(x)CRC-18 = 1+x2+x3+x4+x5+x9+x11+x13+x14+x17, g(x)CRC19=1+x3+x4+x5+x6+x8+x10+x11+x12+x16+x18
1.2 CRC-less/CRC-aided polar codes
Case 1: Variable CRC length
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]When the 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. The performance of CRC-aided  and CRC-less polar schemes for control channel are compared with various information block sizes (K=32 and 80), list sizes (L=2, 4, 8) and coding rate R=1/3. For CRC-less polar codes, CRC sequence length is always 16bits for variable list decoding sizes, and  CRC  sequences of 17, 18 and 19bits are used for evaluation of CRC-aided polar codes with list size L=2, 4, and 8, respectively. The evaluation is conducted over the BI-AWGN channel with QPSK modulations. 

 


[image: ]Figure 1: K=32, R=1/3, QPSK and L=2 
[image: ] Figure 2: K=32, R=1/3, QPSK and L=4 

[image: ]Figure 3: K=32, R=1/3, QPSK and L=8 
[image: ] Figure 4: K=80, R=1/3, QPSK and L=2 

[image: ]Figure 5: K=80, R=1/3, QPSK and L=4 [image: ]Figure 6: K=80, R=1/3, QPSK and L=8

As shown in Figure 1-6, we can see that with similar false alarm performance, when list size L>2, the CRC-less polar scheme outperforms CRC-aided scheme in BLER performance for all the evaluated scenarios. 
Observation 1: With comparable false alarm performance, when list size L>2 CRC-less scheme outperforms CRC-aided scheme in BLER performance for all the evaluated scenarios.
Case 2: Fixed CRC length 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In this case, CRC-less and CRC-aided schemes are evaluated with 16 bits fixed CRC length. The BLER and false alarm performance of CRC-aided and PC polar scheme are compared for control channel with various information block sizes (K=32 and 80), list sizes (L=2, 4, 8, 32) and coding rate R=1/3. The simulations are conducted over the BI-AWGN channel with QPSK modulations.
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Figure 7: K=32, R=1/3, QPSK and L=2
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Figure 8: K=32, R=1/3, QPSK and L=4
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Figure 9: K=80, R=1/3, QPSK and L=2
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Figure 10: K=80, R=1/3, QPSK and L=4


[image: ]     Figure 11: K=32, R=1/3, CRC-less polar with L=16, CRC-aided polar with L=2
[image: ]  Figure 12: K=80, R=1/3, CRC-less polar with L=16, CRC-aided polar with L=2
[bookmark: _GoBack]As shown in Figures 7-10, we can see that CRC-aided scheme cannot meet the requirement of false alarm performance with list size L4.  Figures 11-12 show performance comparison of CRC-less polar codes with list size L=16 and CRC-aided polar codes with list size L=2. Obviously, with fixed CRC length, the CRC-less scheme can achieve better BLER and false alarm performance with larger list decoding size than CRC-aided polar codes. 
Observation 2: With fixed CRC length, the CRC-less scheme can achieve better BLER and false alarm performance with larger list decoding size than CRC-aided polar codes. 
Proposal 1: CRC-less polar codes scheme is preferred 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. Compared with rate-matching method, the encoding and decoding complexity will increase rapidly with the decreasing of the code rate. The coding gain might not increase in proportion to the ratio of code rate reduction.. Thus,  rate-matching for  the low code rate should be considered. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this section, we discuss the minimum code rate that polar codes should support. We evaluate the performance of polar codes with rate 1/6 and rate 1/12. To make comparison, the rate matching scheme is employed.  The equivalent code rate 1/6 is obtained by the repetition of the polar codes with rate 1/3, and the equivalent code rate 1/12 is obtained by the repetition of the polar codes designed at 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), and list size (L=8). The simulations are conducted over the BI-AWGN channel with QPSK modulations. The simulation results are shown in Figure 13-15.
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           Figure 13: K=32, QPSK and R=1/12 and 1/6
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          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 3: Polar codes with rate R=1/6 can achieve about 0.5 dB coding gain over that of repetition scheme.
Observation 4: 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: With comparable false alarm performance, when list size L>2 CRC-less scheme outperforms CRC-aided scheme in BLER performance for all the evaluated scenarios.
Observation 2: With fixed CRC length, the CRC-less scheme can achieve better BLER and false alarm performance with larger list decoding size than CRC-aided polar codes. 
Observation 3: Polar codes with rate R=1/6 can achieve about 0.5 dB coding gain over that of repetition scheme.
Observation 4: 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 preferred for NR control channel.
Proposal 2: Polar codes should support minimum code rate at least 1/6.
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