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1. Introduction
In this contribution, we address some remaining issues on NR polar coding.
First, UE-specific scrambling sequences for DCI is reviewed. According to the agreements, two different UE-specific scrambling schemes are applied to PDCCH transmission in user-specific search space. Two scrambling schemes independently performed may be cancelled out when they are combined, so we check the performance of the current agreement. 
Second, we reviewed the zero-padding for short DCI. It was agreed that zero-padding is applied to short DCI smaller than 12 bit to utilize polar coding and CRC coding. Zero padding usually means putting zeros after the payload, and it is also considered in the current technical specification. If the decoder takes full advantage of the information about zero-padding bits, the error-correcting performance varies depending on the locations of the zero-padding bits. We evaluate the performance of short DCI depending on the locations of zero-padding bits.

2. Scrambling Sequence for DCI
	In [1]-[3], we had agreements on how to generate PDCCH scrambling sequences.
	
Agreement (RAN1 #90bis):
· RNTI is masked onto the last NRNTI CRC bits on the PDCCH, where NRNTI is the number of bits of the RNTI

Agreement (RAN1 #91):
· Confirm the working assumption that there is no additional UE-specific scrambling motivated by channel coding.

Agreements (RAN1 NR-AH4, Jan. 2018):
· Adopt following text proposal for PDCCH scrambling (TS38.211 Section 7.3.2.3)

The scrambling sequence generator shall be initialized with

Where
·  equals the higher-layer parameter Control-scrambling-Identity if configured and RNTI is equal to C-RNTI,  otherwise, and
·  is C-RNTI for PDCCH in USS, while is 0 for PDCCH in CSS.

Companies can check whether the above agreements are consistent with previous coding discussion/agreement or not.



	According to the agreements, two UE-specific scrambling schemes are considered for DCI. First, UE-specific RNTI is mapped onto the last 16 CRC parity bits before polar encoding. After polar encoding and rate-matching, a Gold sequence generated by linear feedback shift register (LFSR) with  initialization is exploited to scramble codewords in user-specific search space. One may be concerned that two independent scrambling schemes can be cancelled out when they are combined. In order to confirm the current agreement, in this section, we evaluate cross-correlation of scrambling sequences, which is a general metric for evaluating scrambling sequences.   
Consider a polar code of size  and the number of codeword bits after rate-matching is denoted by . As in the convention, we write , , and  to denote an encoder input vector, a rate-matching output vector, and a polar code generator matrix, respectively. In addition, we define a function  to describe the NR polar code rate-matching procedure [4], where  is the binary field. In PDCCH transmission, a codeword vector after rate-matching and scrambling is given by 

where  is a vector obtained by masking RNTI onto the last 16 CRC parity bit locations in a zero vector and  is a Gold sequence generated by LFSR initialized. In the equation,  is a desired codeword vector, and  can be seen as an effective scrambling sequence generated by CRC-masking and polar coding. Thus, the final scrambling sequence is  according to the current agreement.
	If the mother polar code size and the rate-matching scheme are decided, the locations of the last 16 CRC parity bits are independent of the number of information bits . Even though a distributed-CRC (D-CRC) scheme is adopted for DCI, the last 16 CRC parity bits are not distributed and interleaved. In addition, these CRC parity bits are always allocated at the most reliable locations in the polar code input vector . Thus, the locations of the last 16 CRC parity bits only depend on the mother code size and the rate-matching scheme (puncturing, shortening, and repetition). Table 1 shows the indices of these last 16 CRC parity bits in a vector  according to the codeword length  and the rate-matching scheme. We only need to consider these 6 cases to calculate . 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Table 1  Indices of the Last 16 CRC Parity Bits in Polar Code Input Vector
	Codeword length 
	Mother code size 
	Rate-matching
	Indices of the last 16 CRC parity bits 
(index begins from 1)

	108
	128
	Puncturing
	113:128

	
	
	Shortening
	93:108

	216
	256
	Puncturing
	241:256

	
	
	Shortening
	201:216

	432
	512
	Puncturing
	497:512

	864
	512
	Repetition
	497:512



To check whether two independent scrambling techniques conflict or not, we calculate cross-correlation for all possible pairs of two different scrambling sequences. The number of all possible pairs of two different RNTIs is about . Given two different scrambling sequences  and , we calculate the cross-correction based on the  convention, and it is given by . Two scrambling schemes are compared: Gold sequence only and CRC-masking plus Gold sequence. Only the results with  are shown in this paper, but we confirm by numerous experiments that similar results are obtained even though we set different . 
In Fig. 1 to Fig. 6, the cross-correlation distributions are depicted. We calculate mean and variance of each cross-correlation distribution, and the results are also described in each corresponding figure. As shown in the figures, the combined technique in the current agreement achieves a similar level of randomization to the Gold sequence only case.  

Figure 1  Cross-correlation of two different scrambling sequences (, puncturing)


Figure 2  Cross-correlation of two different scrambling sequences ( shortening)


Figure 3  Cross-correlation of two different scrambling sequences (, puncturing)


Figure 4  Cross-correlation of two different scrambling sequences ( shortening)


Figure 5  Cross-correlation of two different scrambling sequences (, puncturing)


Figure 6  Cross-correlation of two different scrambling sequences ( puncturing)

Observation 1: The current agreement on PDCCH scrambling achieves a similar level of cross-correlation to Gold sequence only case. 
Proposal 1: Confirm the current agreement on PDCCH scrambling on user-specific search space. 

3. Zero-Padding for Short DCI 
It was agreed in [2] that zero-padding is applied to DCI whose payload size is smaller than 12.
	
Agreements:
· In Rel-15, on coding of any PDCCH (including GC-PDCCH)
· The coding has at least 12 bits before CRC
· If the payload size is 11 bits or less, zero-padding to 12 bits




Zero-padding generally means that inserting zeros in the end of the payload, and it is already considered in [4] that  zero bits are put after the payload. However, there was no explicit agreement on the location of the zero-padding bits. Thus, we simply review the zero-padding scheme for DCI and evaluate the performance depending on the location of the padding bits.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]If the decoder treats the zero-padding bits as information bits and discards them after decoding, the position of the zero-padding bits is irrelevant to the performance. On the other hand, if zero-padding bits are treated as frozen bits in the decoder, then the decoder achieves additional coding gain. Since the reliability of each split channel is different in polar coding, the location of practical DCI payload should be carefully chosen. We consider two conventions: zero- appending (zero-padding in the end of payload) and zero-prepending (zero-padding in the front of payload). Since the bits with lower indices are usually less reliable in polar encoding, one expects that zero-padding bits, which is to be treated as frozen bits at the decoder, should be placed ahead of payload bits. However, the D-CRC scheme is exploited to DCI, and payload bits and zero-padding bits are interleaved together. The zero-padding bits are interleaved and distributed by D-CRC interleaving, and thus, we have to check the performance of each zero-padding scheme by simulations. Table 2 shows the assumption of performance evaluation to find good locations of the zero-padding bits.
Table 2  Evaluation Assumption for Zero-Padding Locations
	Modulation and Channels
	QPSK and AWGN channels

	Information bits 
	3:12

	Rate-matching output bits 
	108, 216, 432, 864

	Zero-padding
	1) Zero-appending (zero-padding in the end of the payload)
2) Zero-prepending (zero-padding in the front of the payload)



[bookmark: _GoBack]Fig. 7 shows the performance of short DCI transmission depending on the location of zero-padding bits. In most cases of short UCI, the performance of zero-appending is better that that of zero-prepending. Especially when , the performance gap is upto 0.3dB.
Observation 2: The performance of short DCI with zero-appending is generally better than that with zero-prepending. 
Proposal 2: As in the current TS38.212,  zero bits are appended in the end of short DCI of length . 
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Figure 7  Performance comparison of short DCI depending on the locations of zero-padding bits


4. Summary 
Observation 1: The current agreement on PDCCH scrambling achieves a similar level of cross-correlation to Gold sequence only case. 
Proposal 1: Confirm the current agreement on PDCCH scrambling on user-specific search space. 
Observation 2: The performance of short DCI with zero-appending is generally better than that with zero-prepending. 
Proposal 2: As in the current TS38.212,  zero bits are appended in the end of short DCI of length . 
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