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1. Introduction
In the last RAN1 #90 meeting, it was concluded that UE specific scrambling will be adopted [1]. 
	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


The following distributed-CRC was agreed in RAN1 NR AH2 [2].
	Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 
· Longer CRCs will be considered if required to meet the FAR target
· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
Note: K is the number of payload information bits without CRC or parity bits
Note: nFAR may be zero in some circumstances. 
Note: UE specific scrambling is not precluded and will be considered separately.


In this contribution, we discuss how to use scrambling and distributed-CRC simultaneously in blind detection.

2. Scrambling on input side of Polar codes
In LTE specification, coded bits transmitted on PDCCH are scrambled by the sequence, which is initialized by the physical cell ID and slot index [3]. On top of that, CRC bits are masked by identifier corresponding to information bits on PDCCH (e.g.,C-RNTI). The UE discrimination will be achieved with the CRC masking functionality per blind decoding attempt. In addition, UE should perform 44 times blind decoding to decide whether the PDCCH would contain the control information directed to itself. UE will try to find the PDCCH over both UE specific search space and common search space configured by network. 
In the case of Polar codes, descrambling can be performed on the coded bit side even if scrambling is performed on the input bit side. However, even if descrambling is performed on either side, a hypothesis decoding is performed by the number of RNTIs transmitted simultaneously in the same search space. In other words, when the common RNTI needs to be received at the same time, the number of blind decoding increases.
Similar to LTE, if only CRC scrambling is performed, then just after polar decoding, UE finds the desired RNTI type by CRC checks with multiple masking sequences. For the same reason, this scheme can support early termination based on distributed CRC.
Considering the multiple hypothesis decoding caused by multiple RNTIs, UE-specific UEID based scrambling can be done by inserting it in the frozen bits. On the other hand, common UEID is not inserted in the frozen bits due to possibility of blind decoding increase. However, CRC masking should be done for both UE-specific UEID and common UEID to discriminate the corresponding UEIDs. In this scheme, a single decoding is performed while still providing the opportunity for early termination for UE-specific UEID. Figure 1 illustrates this scrambling scheme. 
Proposal 1: CRC masking by both UE-specific UEID and common UEID as in LTE should be supported.
Proposal 2: Apply UE-specific UEID scrambling by inserting it in the frozen bit-position.

By scrambling the UEID to the frozen bit, we can expect additional early termination gain [4] [5]. The exact location of frozen bit positions for UE-specific UEID should be FFS. The sequence may be repeated multiple times to extend detectability [4]. On the other hands, depending on the highest code rate, mother code size, number of users, etc., the length of the scrambled signal in frozen bit-positions may be short. For inter-cell interference randomization, information such as Cell-ID and slot index can be used. In this case, the sequence length is the sum of each bits. The length of the scrambled signal in frozen bit-positions may be short due to a long sequence. Then scrambling can be done with information bits as well as frozen bits. 
Proposal 3: If the frozen bit length is not enough to scrambling, extend UEID scrambling to information bits.
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Figure 1. The scrambling scheme applied to the frozen bits and CRC bits.
, where PRS denotes a pseudo-random binary sequence initialized by the corresponding UEID.

3. Conclusion
In this contribution, we described the UEID scrambling in the input side of the polar codes. We have the following observations and proposals: 
[bookmark: _GoBack]Proposal 1: CRC masking by both UE-specific UEID and common UEID as in LTE should be supported.
Proposal 2: Apply UE-specific UEID scrambling by inserting it in the frozen bit-position.
Proposal 3: If the frozen bit length is not enough to scrambling, extend UEID scrambling to information bits.
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