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Introduction
[bookmark: _GoBack]In RAN#71, the technology study item for 5G new RAT has been approved [1].  Channel coding scheme is one of the important items. Polar codes is a potential candidate for 5G channel coding. The basic principle of polar codes has been described in [2]. In this document, we will introduce the high level design of Polar codes for high throughput and block length scaling. 
Decoding latency for Polar codes with SC decoder
In 5G system, high throughput is one of the most important requirements. Low decoding latency is very helpful to support high throughput. We introduce the decoding latency for Polar codes with SC decoder now.
Successive cancellation (SC) decoding is first decoding scheme proposed for Polar codes [3].To provide a clear picture for the SC decoder, we give a small example of the decoding procedure with N=8 in Figure 1.  
[image: ]
Figure 1. The decoding procedure of SC with N=8








In the right side, there are 8 log-likelihood-ratios (LLR) of the receive signal. Depending on the different positions in each stage, function  and are applied for each node. The two functions are expressed as  and, respectively. The function  is used to decide the estimated bits from the LLRs of the stage 3.  The number over each node stands for the clock cycle when the corresponding node is activated. For stage-1, only 2 clock cycles are needed to obtain the 8 LLRs because both  and   are calculated in parallel. Similarly, 4 clock cycles and 8 clock cycles are needed for stage-2 and stage-3, respectively. Specifically,  are output from stage-3 at cycles 3, 4, 6, 7, 10, 11, 13, and 14, respectively. Therefore, this serial decoding has overall latency of 14 clock cycles. Generally, the latency of SC decoder is 2n-2 for Polar codes (n, k).
High throughput and low latency considerations
[bookmark: _Ref378529477]Besides SC decoding, to improve the decoding performance, list successive cancellation (SCL) decoding and CRC-added SCL (CA-SCL) are proposed [4]. The latency of SC based decoding algorithm is not small since the decoded bits are decoded one by one. However, low latency decoding for Polar codes is still possible even if SC based decoding is applied. Firstly, the SC decoding can be run with parallel. Although the parallel level cannot be large (less than 8 typically), it can reduce the latency greatly. Secondly, the latency of SCL decoding scheme and CRC-added SCL scheme is roughly equal to the latency of SC decoding plus the processing time of sorting the candidate paths.  The number of candidate paths is double of the list size. The sorting operation can be done within one clock cycle with price of enough operations of comparison. Lastly, the latency for SC decoding can be further reduced by processing multiple bits at the same time. The CRC tradeoff between overhead and performance gain need be considered if CA-SCL decoding is applied.   
Proposal 1: Polar codes should be a candidate of 5G SI of channel coding
Proposal 2: Polar codes should support low decoding latency
Block length scaling
To support high throughput, large block sizes are desired because the performance gain of Polar codes is significant for large block sizes. On the other hand, the small block size is necessary for small payload sizes. Thus, the large range for variable block sizes is required. 
Polar codes can be looked as block codes (N, K) with N for code word length and K for number of information bits. It is flexible to select number of information bits K. However, the code word length N must be power of 2 in original design. In practical system, the block size should be flexible to the variable resource sizes. It is easy to use different sizes of Hadamard matrices for generating variable block sizes. In addition, puncturing is a feasible solution to obtain the code words whose block lengths are not power of 2. Because the performance of Polar codes is degraded with puncturing, it is very important to find a suitable puncture pattern with good performance.  
Proposal 3: Polar codes should support block length scaling
Conclusions
In this contribution, our proposals are as following:
Proposal 1: Polar codes should be a candidate of 5G SI of channel coding
Proposal 2: Polar codes should support low decoding latency
Proposal 3: Polar codes should support block length scaling
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