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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]. In this contribution, we will introduce the detailed design of Polar codes for control channel in eMBB system. 
Detailed design of Polar codes for control channel
The overall structure of transmit chain of Polar codes for control channel is depicted in Figure 1. The modulation scheme should be QPSK (Quadrature Phase Shift Keying). The interleaver could be similar to random interleaver (but is not discussed here). The polar encoder is the encoding processing using Hardamard matrix with size of N by N.
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Figure 1. Overall structure of transmit chain for Polar codes
We will introduce the remaining blocks one by one in the following subsections.
Single CRC for joint detection and decoding
In conventional control channel, m-bit CRC are used to provide required FAR (false alarm rate). For Polar codes, an additional CRC with length of 16 bits are used for CA-SCL decoding (CRC-aided successive cancellation list decoding) to provide better performance [2,3]. The corresponding transmit chain is depicted in the upper part in Figure 2. The 16-bit CRC for CA-SCL decoding is overhead. In fact, we can consolidate the two CRC into single CRC for joint detection and decoding to reduce the overhead of CRC (while improving the overall distance spectrum of the polar code). The proposed solution is depicted in the lower part in figure 2.     
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Figure 2. Single CRC for joint detection and decoding
If m-bit CRC is added for detection of control channel and does not use any list decoding, the false positive rate is  For a random list decoder where L randomly chosen codewords are checked against the m-bit CRC, it’s false positive rate can be expressed as 

      The effective number of CRC bits left for pruning becomes

To keep the same false alarm rate, the Polar codes with CA-SCL decoding should add additional  CRC bits for L list size. In this case, the length of the single CRC is J = m+ for joint detection and decoding. The CRC overhead is reduced very much for small information bits. For example, the total CRC bits are reduced from m+16 bits to m+3 bits for L=8 and m+5 bits for L =32. Considering the decoding complexity and latency, J = 19 is recommended and the corresponding list size L is equal to 8 [4]. Note that, UE could still choose a larger list size and use associated pruning schemes to achieved the desired false alarm rate. However, 19-bit CRC should be considered a baseline assumption for CA polar design assuming L = 8, which is realistic assumption for practically implementable polar decoder, for DL PDCCH in particular.
Single sorted index sequence for code construction


Single sorted index sequence  with length of 512 is generated for code construction using density evolution. The index sequence is sorted in ascending order of reliabilityand is nested over both variable rates and variable coded block sizes with length of power of 2. The index sequence can be generated offline and stored in memory. Because the bit width of each entry in the sequence is 9 bits, the memory size will be 4.5Kbits for sequence length of 512. For DL control channel, typical payload size = 30~80 bits, Single sorted index sequence  with length of 512 could be sufficient for most cases if minimum code rate of 1/6 is applied. Similarly for UL where max payload size is up to around 200, the seqence with length of 1024 provides sufficient gain in most scenarios. In this case, the sequence with length of 1024 is obtained by extending the original sequence with length of 512. Also, short sequence based scheme shows competitive performance and low description complexity.
Mapping and bit-reversal puncture pattern
To map the information bits to the suitable location of the encoder, we need determine the locations for information bit and frozen bits first. One way of performing the procedure is illustrated with the following steps.
1. Determine the coded block size of the mother Polar code with power of 2

Suppose there are K bits for control information and the allocated coded block size is M. Suppose the minimum code rate is R and N is the minimum power 2 integer which is not less than K/R. To get better trade off between decoding complexity and performance, the maximum value of N is set to 512 for downlink and 1024 for uplink. The circular buffer in figure 3 can be generated for rate-matching. Assume Q is an integer and let Q=min(K/R, M). Assume m is an integer whose value is 1 or power of 2 and its value is selected such that Q is in . The desired coded block size J (i.e., kernel) with length of power of 2 will be







Where  is an real value in [1, 2]. When  is close to 1, Q will be close to . When  is close to 2, Q will be close to . The rate-matching scheme is determined by 
(1) M > J   M - J coded bits is repeated based on Polar code (J, K) from J in anti-clockwise
(2) M < J   J - M coded bits is punctured based on Polar code (J, K) from J in anti-clockwise
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Figure 3 Circular buffer for rate-matching
2. 

Get length-N sorted index sequence  from the single sorted index sequence with length of 512
1) N is not larger than 512
The sequence S can be obtained as follows.


2) N is 1024 


3. Determine the locations for information bits and frozen bits
1) N is not larger than 512
If repetition is applied, we just select K locations with most reliability for information bits according to index sequence S and the remaining locations are for frozen bits. However, if puncture is applied, the locations of the frozen bits will be related to the puncture pattern.

The puncture pattern can be obtained by bit-reversal of the sequence of .  The N-M locations with value 0 in puncture pattern are first set for frozen bits. The remaining M-K frozen bits will be in the locations with least reliability according to the sequence S. The locations of information bits are complementary to those obtained after the locations of frozen bits are determined.
2) N is 1024


If repetition is applied, we select  locations with most reliability from first half of S and locations with most reliability from second half of S for information bits and the remaining locations are for frozen bits. However, if puncture is applied, the locations of the frozen bits will be related to the puncture pattern.



The puncture pattern can be obtained by bit-reversal of the sequence of . The N-M locations with value 0 in puncture pattern are first set for frozen bits. Excluding the locations of frozen bits, we select  locations with most reliability from first half of S and locations with most reliability from second half of S for information bits and the remaining locations are for frozen bits.
Rate-matching
If J > M, the J-M coded bits whose locations correspond to the positions with value 0 in puncture pattern will be punctured to obtain M coded bits. 
If J < M, the M-J coded bits will be repeated. 
If J = M, no action is needed.
Conclusions
[bookmark: _GoBack]In this contribution, a design of Polar codes for control channel are proposed. The performance of the proposed solution is evaluated and compared in contribution [5].
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