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1	Introduction
In the RAN1 #87 meeting, the working assumption that polar codes would be used for eMBB control channels was agreed. Specifically, the following agreement was made on the eMBB data and control channel coding schemes.
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 technical aspects with respect to the downlink control channel design.
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2.1 	Code construction for downlink control channel
Various polar code construction methods exist [1], and broadly they can be categorized into following types:
· Calculate reliability of synthetic channels with BEC assumption
· Monte-Carlo based method
· Direct estimation of the error probability of synthetic channels (Tal-Vardy method)
· Density evolution with Gaussian approximation
In general, all these methods require the so called design-SNR as the input to the underlying code construction algorithm, because polar codes are channel specific codes. This fact could be a problem for downlink control channels, because base stations might not know the channel condition before actual transmission starts.
In [2], a reliability calculation method was introduced which does not require the design-SNR, thus it was called SNR-independent reliability estimation. However, why this estimation is accurate is unclear, and thus further theoretical and empirical evidence is needed to show the effectiveness of this method.
Interestingly, based on previous simulation results reported in literature [1], it was observed that polar codes are quite robust in terms of the design-SNR, i.e., some design-SNR might work quite well for all channel SNRs. We also provide some results to show the BLER performance of the density evolution with Gaussian approximation algorithm for several design-SNRs.
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Figure 1: BLER for different design SNRs
Figure 1 shows the BLER performance of (512, 256) polar codes with 8-bit CRC aided list decoding, and the list size is 4. It can be observed that the code constructed by design SNR = 0 dB works consistently well even though it is not specifically constructed for other SNRs.
Rate matching would introduce further problems for code construction. If puncturing methods are adopted, then for each puncturing pattern a new code needs to be constructed, which is highly undesired. There is a simple way to circumvent the problem. Instead of puncturing, shortening could be considered for rate matching, and the shortening pattern can be as simple as treating the last p bit in the encoding input as fixed 0s if p bits needs to be removed from the encoded bits due to rate matching. Although this is not an optimal method, it usually does not incur significant performance loss. This method has been discussed in [3, 4, 2] and other documents.
· Observation 1: For control channel code construction, the robustness of polar codes could be exploited as an option.
· Observation 2: Shortening might be considered for rate matching, and it should be further studied and compared with puncturing based methods.

2.2 	Performance of short polar codes
It is known that polar codes do not perform particularly well when the block size is small due to the low minimum Hamming weight of short polar codes. Therefore improving the performance of short polar codes is an important topic for control channel design. CRC-aided list decoding can be regarded as one way for performance improvement.
PC-polar code was proposed in [2] as an alternative to the CRC-aided scheme, but similar work had been carried out in the literature [5, 6] to improve polar code performance without using CRC embedment. 


Figure 2: Parity check concatenation in [2, 5]
In general, the methods in [2, 5] and other similar ones can be depicted in the following diagram, where u refers to information bits and p refers to the corresponding parity bits.
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Figure 3: General structure of parity bit based schemes
The key difference between these methods and the CRC-aided list decoding is that these methods can do tree pruning in the middle of the decoding process due to the fact the parity bits only protect the bits before the appearance of the designated parity bit, meanwhile CRC-aided list decoders could only do path selection after all bits are decoded.
The performance of these two types of methods could rely on the parameters like list size, coding rate, block size, etc. It is also crucial to have algorithms to decide the positions of the parity bits at the encoder input side, since the performance of these methods might be sensitive to the parity bit positions.
· [bookmark: _GoBack]Observation 3: Parity bit based methods are worth further study while CRC-aided list decoding can be treated as baseline for the purpose of comparison.

3	Conclusion
Observation 1: For control channel code construction, the robustness of polar codes could be exploited as an option.
Observation 2: Shortening might be considered for rate matching, and it should be further studied and compared with puncturing based methods.
Observation 3: Parity bit based methods are worth further study while CRC-aided list decoding can be treated as baseline for the purpose of comparison.
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