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Introduction
In RAN#71, the technology study item for 5G new RAT (NR) has been approved [1]. 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 [2]. The decoding complexity for Polar codes are mainly depending on the maximum mother code size. To get better trade off between performance and complexity, the following agreement are obtained in RAN1#88[3]
Agreement for DCI:
· Maximum mother code size of Polar code, N=2n, is:
· Nmax,DCI =512 for downlink control information

Working Assumption for UCI:
· Nmax,UCI =1024
· Optimise code design for K up to 200
· Also aim for code design that supports values of K up to 500 with good performance, typically using higher code rates 
· Without prejudice to the final design, companies are encouraged to investigate advanced code rate matching schemes until RAN1#88bis
· Working assumption can be revisited at RAN1#88bis if it does not prove to be possible to generate a good code design with Nmax,UCI =1024
 
To support large UCI up to 500 bits, the coded block size may be larger than 1024 to meet the performance requirement. Repetition of the coded bits is a simple way to provide effective low rate Polar codes for target performance. However, it is not efficient for repetition since the coding gain can not obtained. A scheme based on segmentation was proposed for Polar codes in [4] where the information bits and CRC bits are equally allocated into two segments. Each segments is seperately encoded by the Polar codes with same rate and same coded block size. In the receiver, the candidate paths of each segment are jointly checked by the single CRC. 
In this contribution, we propose an efficient segmentation design for Polar codes. The proposed design shows benefits over other existing proposals (e.g., [4]) in terms of performance, flexibility, decoding complexity and feasibility of unequal error protection (UEP).
The proposed segmentation scheme for Polar codes with large UCI
The proposed segmentation scheme for Polar codes with large UCI is depicted in Figure 1. The original payload with corresponding CRC_T are segmented into two parts: Payload_A and Polyload_B plus CRC_T. Each part is encoded with Polar code seperatedly. Another CRC_A, which is used to check Payload_A, is attached after Payload_A in segent A. it can also be viewed that, segment A and segment B are independently encoded, just the CRC_T for segment B is initialized by the payload A. To get better performance, we divide the payload equally into two segmentations. Aternatively, we may also split original Payload according the priority of the Payload type. For example, we may put high proirity control information such as ACK/NACK, RI, and PMI into Payload_A and put low priority control information such as CQI into Payload_B. we can use different coding rate to provide unequal error protection for them. The tyical size of length of CRC_T and CRC_A is 11 with 8-bit for detection and 3-bit for decoding. 



Figure 1. The segmentation for large UCI


Figure 2. The decoding scheme for Polar codes with segmentation
In receiver, the decoding scheme for Polar codes with segmentation is depicted in Figure 2. The LLRs of segmentation A are decoded using CA-SCL with aid of CRC_A.  The LLRs of segmentation B is first decoded using SCL. It can also take the decision from segment A to initiate CRC_T and perform normal decoding. Optionally, it can also take the list of decisions from segment A to prune the candidate paths from segment B using the final CRC check CRC_T.
Performance comparison with existing scheme 
In this section, we will evaluate the performance of the proposed segmentation scheme. For simplification, we just compare the case with maximum UCI size of 500 bits and coded block size is 2048 bits for two segmentations with maximum coded block size. The detailed configuration of existing algorihm is described in [4]. In proposed scheme, the sizes of Payload_A and Payload_B are all 250 bits.  The lengths of CRC_T and CRC_A are both 11 bits. The list size is 8 for all the cases. 
The performance comparison of Polar codes with segmentation is depicted in Figure 3. It is seen that the performance of repitiont is much worse than both existing algorithm and proposed scheme. The performance of proposed scheme is better than that in [4]. Another benefit is that the payload_A can be used seperately as long as it passes CRC check. However, in [4], none of segments can be used unless both of them are decoded correctly. Another benefit of the proposed scheme is that it is possible that the receiver does not require additional decoding logic to perform decoding for segmentation case. Hard decision of segment A can be used to initiate CRC for the other.
[image: ] 
Figure 3. The performance comparison of Polar codes with segmentation

 Observation 1: The proposed segmentation scheme outperforms the scheme described in [4] in terms of performance, seperated usage of two payloads and feasibility of UEP.
Conclusions
Observation 1: The proposed segmentation scheme outperforms the scheme described in [4] in terms of performance, seperated usage of two payloads and feasibility of UEP.
Proposal 1:  Considering the proposed segmentation scheme for Polar codes with large UCI.
Proposal 2:  segmentation is applied when UCI size K>=Kmax (Kmax FFS) and M>Nmax based on previous study for Nmax.
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