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1. Introduction
In the last RAN1 #90 meeting [1], UE-specific scrambling for DCI messages is discussed, and we have following conclusion. 
	
Proposed Working Assumption:
· Frozen bit values are set to 0
· Adopt UE-specific linear scrambling on UE-specific DCI messages
· Detailed mechanism FFS until NR AH#3
Conclusion: study further until NR AH#3




2. UE-Specific Scrambling for DCI
In this contribution, we use some basic notations for polar coding chain as followings:
[bookmark: _Hlk485716767][bookmark: OLE_LINK10][bookmark: OLE_LINK1][bookmark: OLE_LINK5][bookmark: OLE_LINK6]- : number of information bits without CRC bits
- : number of CRC bits ( for DL control channel)
- : desired code rates ()
- : number of codeword bits ()
- : mother polar code size
- : list size of successive-cancellation list (SCL) decoder 
- : aggregation level
[bookmark: _Hlk485711007]Fig. 1 shows a BICM chain of the NR downlink control channel. First, the mother polar code size and the rate-matching scheme are determined with given  and  in advance. After configuration, message bits are encoded by 24-bit CRC codes (polynomial: 0x1B2B117) for error detection. The CRC bits are also utilized to further improve the error correction performance of the SC-list decoder. In addition, it was agreed that distributed-CRC (D-CRC) scheme is used for early termination of SC-based decoding at the decoder. The D-CRC codeword is then encoded by polar codes. We use a general notation of polar encoding, , where  and  represent a length- input vector and a length-output vector, respectively. Each bit of the D-CRC codeword is mapped to  according to a pre-defined polar code sequence, which is agreed in RAN1 #90. The  generator matrix  is given by , where  and  denotes -times recursive Kronecker product of . The output codeword bits are interleaved for rate-matching, and the interleaved codeword bits are stored into the circular buffer. Finally,  bits are extracted from the buffer according to the pre-configuration and fed into a channel interelaver and a modulator. 
Most of components in the NR downlink polar coding chain have been determined, but UE-specific scrambling method and channel interleaving have not yet been agreed. In this contribution, we consider UE-specific scrambling method. 
[image: C:\Users\minyc\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Fig01.png]
Figure 1  NR downlink polar coding chain

For blind detection of DCI, UE-specific scrambling is needed to distinguish desired signals. Some frozen-masking methods have been proposed to distinguish each UE’s signal and to terminate SC-decoding early when undesired signal is received. On the other hand, as in LTE, one could make scrambling sequence and mask them on only CRC bits. It is referred to as CRC-masking.
[bookmark: _GoBack]In design of UE-specific scrambling for NR downlink control channels, multiple types of RNTI and distributed CRC should be considered in advance.
1) [bookmark: OLE_LINK2]Multiple RNTIs
In RRC-CONNECTED, there are several types of RNTI such as SI-RNTI, C-RNTI, SPC C-RNTI, and TPC RNTI that UE may consider at the same time. More RNTI types are expected to be added for group common PDCCH, vertical services like URLLC, mMTC. In this case, UE should perform hypothesis checks by multiple blind polar decoding if frozen bits are scrambled. The extra latency and complexity should be taken into account in decoder implementation by considering the maximum number of RNTI types that UE consider at the same instance. On the other hand, if UE-specific sequence is only mapped onto CRC parity bits as in LTE, then no blind decoding is necessary for hypothesis check. Just after decoding, UEs are able to find the desired RNTI type by CRC checks with multiple masking sequences. Thus, CRC-scrambling is a good option to reduce the complexity and latency of polar decoding when multiple types of RNTI are considered.
One could propose to mask all types of RNTI on frozen bits, but the number of frozen bits is not enough to deliver all the types of RNTI when aggregation level is small. For example, assume a case of  and , which is a common case of DL control channels [2]. The number of frozen bits is only , and more than one RNTI types cannot be masked without further operation. A scrambling sequence of length 20 can be generated from multiple RNTIs by some operations, but the scrambling sequence is no longer unique and the early termination gain has to be limited. 
2) Distributed-CRC
For DL control channels, it was agreed to adopt D-CRC for DL polar coding chain to achieve early termination gain. It was shown in many papers including [3] that about 20% to 50% of overall computations can be already reduced by early termination with D-CRC. 
The D-CRC can operate as designed by masking RNTIs on non-distributed CRC bits as shown in Fig. 2. In agreed 24-bit D-CRC polynomial and interleaver, at most 7 CRC parity bits are distributed and the other 17 CRC parity bits are appended at the end of DCI. Thus, a desired RNTI is masked to non-distributed D-CRC parity bits, and therefore, this RNTI masking does not harm the early termination gain of D-CRC. In this way, the blind decoding of DL control channel can be efficiently handled with D-CRC already agreed in NR, and no additional scheme causing redundant latency and complexity is needed. 
[image: ]
Figure 2  RNTI masking on non-distributed D-CRC parity bits

Proposal 1: CRC-masking should be adopted for UE-specific scrambling for DCI.
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