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1	Introduction
The construction of downlink polar codes was extensively discussed, and an agreement was achieved [1]. The main purpose of downlink polar code construction using a distributed CRC scheme is to achieve some early termination gain, while maintaining the FAR performance. 
In the current polar codes design, the frozen bit values are set to 0. It was proposed [2] to apply UE specific linear scrambling on UE-specific DCI messages. One benefit is to further enhance the early termination gain. 
In this contribution, we discuss different ways of UE specific linear scrambling. 
2	Discussion
In LTE, a UE-ID (e.g., C-RNTI) is XOR-ed with CRC bits of PDCCH payload before control channel encoding. The UE-ID scrambled CRC bits could be used to assist a certain UE to obtain its own DCI. The PDCCH payload and its CRC bits scrambled with UE-ID are then encoded by TBCC. The encoded bits are further scrambled by a pseudo-random sequence initiated by cell ID and slot index to address the inter-cell interference issue.  
Similar scrambling schemes could be used by NR. One difference between NR and LTE is the number of CRC bits for PDCCH. NR uses 24 CRC bits while LTE uses 16 CRC bits. Since UE-ID is of 16 bits for NR, the XOR operation of CRC bits with UE-ID would need to be adjusted for NR. There are several ways of masking 24-bit CRC with 16-bit UE-ID: 
1. XOR 16-bit UE-ID with part of 24-bit CRC
Here, UE-ID could be XOR-ed with the first 16 CRC bits, the last 16 CRC bits or the middle 16 CRC bits. The UE-ID could be XOR-ed with both distributed CRC bits and appended CRC bits. Alternatively, UE-ID could be XOR-ed only with appended CRC bits. Note that in the agreed downlink polar code construction [1], 8 CRC bits are distributed and the remaining 16 CRC bits are appended. Hence, we could simply XOR UE-ID with the 16 appended CRC bits. 
2. Expand 16-bit UE-ID to 24 bits and then XOR with 24-bit CRC
Here, we could cyclically expand 16-bit UE-ID to 24 bits. The 24-bit expanded UE-ID could then be XOR-ed with 24-bit CRC.
Hence, we have the following proposal:
Proposal 1: Re-use LTE scheme of CRC bits scrambled with UE-ID and coded bits scrambled with a pseudo-random sequence initiated by cell ID and slot index, by addressing the different lengths of UE-ID and CRC. 
In a regular polar code, the frozen bits are always set as 0. However, any constant values of frozen bits could work for polar codes. Hence, several proposals [3]-[7] have been made to make use of the frozen bit field. Specifically, the UE-ID initiated pseudo-random sequence (or simply UE-ID) could be placed in (part of or all) frozen bits. The main benefit is to enhance the early termination gain. 
[bookmark: _GoBack]An alternative scheme is to apply UE-ID initiated scrambling sequence on polar encoded bits, while still setting frozen bits to 0 before polar encoding. Setting frozen bits to UE-ID based pseudo-random sequence can be considered as a special case of applying UE-ID initiated scrambling sequence on polar encoded bits. In other words, this approach is more flexible in operations, but may need careful design together with rate matching operations [6]. 
The main issue of the above two schemes is related to hypothesis decoding. By inserting UE-ID initiated scrambling sequence to frozen bits or scrambling UE-ID initiated scrambling sequence on polar encoded bits, multiple decoding efforts may be needed as UE may not know which exact UE-ID to use for de-scrambling. For example, in RRC-CONNECTED mode, a UE may have several types of RNTI, such as C-RNTI, SPS C-RNTI, SI-RNTI etc. If there is no ambiguity on the exact UE-ID used for scrambling and de-scrambling, then there is no hypothesis decoding needed and the UE-ID based pre-encoding scrambling or post-encoding scrambling could be used by NR. Some additional procedure may be needed to eliminate the ambiguity of the exact UE-ID used for scrambling and de-scrambling.  
Hence, we have the following proposal:
Proposal 2: Consider using the UE-ID based pre-encoding scrambling or post-encoding scrambling, when there is no ambiguity as to which UE-ID was used for scrambling. 

3	Conclusion
In this contribution, we discussed different scrambling operations, based on UE-ID, cell ID and slot index. We have the following proposals:
Proposal 1: Re-use LTE scheme of CRC bits scrambled with UE-ID and coded bits scrambled with a pseudo-random sequence initiated by cell ID and slot index, by addressing the different lengths of UE-ID and CRC. 
Proposal 2: Consider using the UE-ID based pre-encoding scrambling and post-encoding scrambling, when there is no ambiguity as to which UE-ID was used for scrambling. 
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