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Several companies in [1], [2], [3], [4], and [5] have proposed schemes on RNTI/UE-ID scrambling during the PDCCH blind detection. It was concluded in RAN1#90 meeting that further study is needed to analyze them [6]:    
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
[bookmark: _Ref477266525]The major schemes and proposals on RNTI/UE-ID scrambling are summarized as below, up to the RAN AH#3 meeting: 
· Scrambling on C-domain (scrambling on coded bit)
· Scrambling on U-domain (scrambling on information bit)
· map 16-bit RNTI/UE-ID on Y bits with positions:
· Shortened bit position
· Frozen bit with max dmin
· Frozen bit and information bit position
· Last 16 CRC bit position
· All frozen bit position
In this contribution, we propose a RNTI scrambling scheme on DCRC-Polar code in PDCCH, so that some extra early termination (ET) gain could be obtained before the ET gain of DCRC-Polar code.
Discussion
In LTE, 16-bit RNTI is masked on CRC bits to provide distinguishability among UEs, while in NR PDCCH, early termination (ET) is supported, so polar code is designed with distribute CRC to deliver ET in PDCCH blind detection. Besides, in order to provide 2(-21) false alarm rate(FAR) performance, the CRC bits number is set to 24, and after CRC interleaver, 8 bit CRC will be distributed among information bits, and the other 16 bit CRC will be placed at the end. Considering all these differences in coding design between NR and LTE, the RNTI scrambling should also be designed differently. 
In this section, we propose an RNTI scrambling scheme for the DCRC-Polar code in NR PDCCH, which can provide extra ET gain or RNTI candidate set reduction in majority cases.
The proposed scheme is depicted in Figure 1 below. Note that, the gray blocks with slash are puncture bits while the gray blocks are frozen bits, the blue blocks are information bits, and the red blocks are CRC bits.
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Figure.1 Proposed RNTI scrambling scheme for DCRC-Polar code in PDCCH
TX
The proposed RNTI scrambling scheme includes three steps at the transmitter:
Step 1: First, prepare u vector with DCRC-Polar code construction. That means that information bits, CRC bits, frozen bits and puncture bits (if any) are all fed into the corresponding positions as depicted in Figure 1.
[bookmark: _GoBack]Step 2: Divide 16 RNTI bits into two parts. One contains x bits with continuous or discontinuous position from the 16 RNTI bits. The other contains the remaining (16-x) RNTI bits. And x can be 1 or 2.
Step 3: Do repetition coding on the x RNTI bits and put them on all the frozen bits between the last puncture bit and the first information bit. Then the remaining (16-x) RNTI bits are XOR-ed with the last (16-x) CRC bits.
Then, RNTI scrambling on DCRC-Polar code is completed at the transmitter.
RX
The proposed RNTI descrambling scheme also includes three steps at the receiver:
Step 1: Do Polar decoding until the first information bit. When decoding the frozen bits between the last puncture bit and the first information bit, hard decision of these bits are based on the calculated bit log likelihood ratio(LLR). That means, if the calculated bit LLR is positive, then the corresponding bit is decoded as 0, while the calculated bit LLR is negative, the corresponding bit is decoded as 1. After all the frozen bits before the first information bit are decoded, doing the repetition decoding to obtain the x RNTI bits.
Step 2: Compare the x RNTI bits to RNTI candidates in the current blind detection. If the x RNTI bits do not match any of the RNTI candidates, it means that the x RNTI bits are wrong, and then UE stops polar decoding and executes ET. If the x RNTI bits match at least one RNTI candidate, then continue Polar decoding, and reduce the RNTI candidates set to the matched ones. If the x RNTI bits match all the RNTI candidates, continue polar decoding and no extra gain obtained in this case.
Step 3: Like LTE, go through the updated RNTI candidate set after decoding, and do RNTI descrambling for the remained (16-x) bit and output the correct decode path by CRC check for each RNTI candidate.
Then, the proposed RNTI descrambling on DCRC-Polar code is completed at the receiver.
From the above description and analysis on the proposed RNTI scrambling scheme, we have the following observations and proposals:
Observation -1: The proposed RNTI scrambling scheme on DCRC-Polar can be easily applied.
Observation -2: The proposed RNTI scrambling scheme on DCRC-Polar can provide extra ET gain when the decoded x RNTI bits do not match any of the RNTI candidates.
Observation -3: The proposed RNTI scrambling scheme on DCRC-Polar can reduce RNTI candidate set when the decoded x RNTI bits match at least one RNTI candidate.
Proposal : Consider the proposed RNTI scrambling scheme on DCRC-Polar:
Step 1: Prepare u vector with DCRC-Polar code construction. 
Step 2: Divide 16 RNTI bits into two parts. One contains x bits with continuous or discontinuous position from the 16 RNTI bits. The other contains the remaining (16-x) RNTI bits. And x can be 1 or 2.
Step 3: Do repetition coding on the x RNTI bits and put them on all the frozen bits between the last puncture bit and the first information bit. Then the remaining (16-x) RNTI bits are XOR-ed with the last (16-x) CRC bits.

Conclusion
In this contribution, we propose a new RNTI scrambling scheme on DCRC-Polar in NR PDCCH. Based on the above description and analysis, we have the following observations and proposals:
Observation -1: The proposed RNTI scrambling scheme on DCRC-Polar can be easily applied.
Observation -2: The proposed RNTI scrambling scheme on DCRC-Polar can provide extra ET gain when the decoded x RNTI bits do not match any of the RNTI candidates.
Observation -3: The proposed RNTI scrambling scheme on DCRC-Polar can reduce RNTI candidate set when the decoded x RNTI bits match at least one RNTI candidate.
Proposal :The proposed RNTI scrambling scheme on DCRC-Polar code can be considered for NR PDCCH.
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