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1. Introduction
In this contribution we discuss some aspects of DL code construction including the following: 
· Issues related to downlink code construction working assumption from RAN1#90
· RNTI related aspects of DL control channel
2. Distributed CRC discussion
In last meeting the following WA was made with regards to the DL CRC code construction. 
Working Assumption: 
· Denote the input to the CRC computation by u0, u1, u2, …, uL-1, and the parity bits by p0, p1, p2, …, p23. The parity bits are generated by the following cyclic generator polynomial:
· gCRC24(D) = [D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1]
· After CRC calculation, the bits which will be fed into an interleaver are denoted by v0, v1, v2, …, vKmax+23, which fulfils:
· vk = uL-1-k		   for k = 0, 1, 2, …, L-1. 
· vk = <NULL>	for k = L, L+1, L+2, …, Kmax-1.
· vk = pk-Kmax		for k = Kmax, Kmax+1, …, Kmax+23.
· where Kmax = max(140, max DCI payload size in Rel-15 + 20),  and Kmax + CRC length is the size of the interleaver. 
· Then v0, v1, v2, …, vKmax+23 is fed to the interleaver. Denote the output of the interleaver is w0, w1, w2, …, wKmax+23. The relationship between the input and output of the interleaver is as follows:
· wk = vΠ(k)		for k = 0, 1, 2, …, Kmax+23,
· where the pattern is the pattern for nFAR=21 in R1-1712167. 
· If problems are identified with this pattern, companies can propose modifications to the polynomial and/or interleaver pattern at NR AH#3, keeping the modifications as minimal as possible.

In the email discussion (e.g. in the CR 38.212), it was identified that the above working assumption has a problem, because the interleaving procedure was selected from one Tdoc and interleaving pattern was chosen from another Tdoc, leading to difficulty in confirming the working assumption as it is. At the same time, the draft spec 38.212 captured the interleaving procedure and interleaving pattern from R1-1712167, which seems to be a possible fix to the problem. A third option that is also available is to update the WA so that the problem is fixed along with any other issues identified. From our understanding, if there are no significant issues identified, then it may be simpler to leave the CRC + interleaver description as currently captured by the editor in draft 38.212 as it seems to be an easy fix and also does not require further update of specification and error handling. 
Proposal 1: For the WA on DL CRC+Interleaver, if there is no additional significant issues identified, adopt the interleaving method and interleaving pattern as currently captured in the draft specification 38.212. 


The main part with regards to claimed early termination scheme is a pre-encoder interleaver which permutes information and CRC with the purpose to move some of the CRC bits to locations that are earlier in the decoding order, with the expectation that such CRC bits can help check “partial” CRC and terminate decoding early if the partial CRC failed.
An analysis of the interleaving pattern indicates that while the number of distributed CRC bits could be as large as seven, four to five of the distributed CRC bits occur to the very end of the information bit block. Following examples with K = 40 bits and 60 bits show that a maximum of 3 bits are distributed with even the third CRC bit occurring towards the end of the information payload (200-223 indicates CRC bit locations). This indicates that last four or five distributed CRC bits do not yield any early termination benefit as they are placed almost to the end of information block in the decoding order– such unnecessary interleaving towards the end of information block should be simplified considering practical SSC based decoding algorithms.
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Therefore, given the above, we propose that any CRC+interleaver update should also simplify the number of distributed CRC bits to avoid unnecessary interleaving at the end. 
Proposal 2: In confirming the WA on CRC+interlaver, modifications to avoid unnecessary distribution of CRC bits towards the end of information block should be considered.   
3. RNTI related aspects of DCI design
In past discussions on code construction, multiple ways of handling UEID in assisting early termination of Polar was discussed though RAN1 agreed to a CRC+interleaver based code construction to facilitate early termination on the downlink. Last meeting the following proposal was put forth for study.
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

It was mentioned in several contributions [2]-[7] that placing UEID into frozen bits can provide early termination benefits by means of using path-metric based thresholds. Some previous studies on path-metric divergence based on correct/incorrect paths may also be found in [8][9]. In our understanding, inserting the RNTI associated with the UE-specific message into frozen bits can increase the required BD complexity if the operation is to be done via a descrambling operation prior to Polar decoding on the UE side. In particular, if the C-RNTI and SPS-C-RNTI are inserted into the frozen bits, then a UE may be unable to descramble prior to the Polar decoding without having to do multiple BD hypothes. 
The benefits of inserting UEID into frozen bits should consider the utility of such a scheme in typical system operation – for instance, most of the time, a UE may be decoding random noise or no signal rather than attempting to decode a DCI corresponding to another user with the same payload and aggregation level. It is our understanding that for a given UE only one RNTI can be placed in to the frozen bits, but it needs to be studied how such a scheme can work with support of multiple RNTIs on the downlink, which is important for flexible system operation. 
Given the discussion from last meeting, many of the schemes of UEID into frozen bits are equivalent to having frozen bits set to 0 and applying a post-encoding scrambling operation on the generated codeword. Thus, we think it is reasonable to assume that the frozen bits are set to 0 and discuss further how linear scrambling on the DCI messages can applied considering different options ([2]-[7]) and also considering the PDCCH/EPDCCH scrambling techniques available from LTE. 
Proposal 3: Frozen bit values are set to 0. FFS details of UE-specific scrambling on the output of Polar encoder. 

DL control channel requires multiple blind decoding hypotheses from the UE perspective and therefore techniques to reduce the complexity/power consumption are important and considered, and such solutions are already under discussion in the PDCCH/scheduling HARQ session, including group-common DCI, and flexible CORESET configuration, etc. 
In consideration of RNTI-related aspects, it is important to ensure that some key properties/benefits of control channel coding are still maintained in NR. In particular, it includes efficient support of multiple RNTI(s) for a given UE, both in common messaging (e.g. SI-RNTI, P-RNTI, RA-RNTI, TPC-RNTI, etc) as well as in UE-specific messaging (e.g. C-RNTI, SPS-RNTI, RNTI for uplink grant-free, etc). A UE should be able to discern different RNTIs for a given Polar decoding attempt by checking multiple CRC hypotheses. Such a scheme is obtained by CRC masking operation, where the mask corresponding to the corresponding RNTI is applied on the CRC bits. Since this scheme is necessary for DL control channel operation, we propose the following. 
Proposal 4: CRC attached to a DCI message is masked with RNTI corresponding to the DCI message. 
Given the RNTI is a 16-bit, and the CRC attached for DCI is 24 bits, we think it is reasonable to attach the RNTI mask to the CRC bits occurring latter in the Polar channel interleaver – this avoids having to apply RNTI mask on the distributed CRC bits which could affect potential early termination scheme.  For example last 16-bits of CRC can be masked with the RNTI with the current DL CRC+interleaver. 
Proposal 5: CRC bits towards the end of the decoding order are masked with RNTI. 
Based on the above, our understanding of Polar coding chain based on the code construction principle agreed for the downlink in RAN1-NR#2 (Fig.1) (where CRC masking can be done similar to LTE, based on RNTI used for the grant):
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Figure 1. Polar encoding with CRC attached in one stage, a pre-encoding interleaver and a rate-matcher. In the Figure UEID is replaced by the RNTI corresponding to the DCI message. 
4. Conclusions
In this contribution, we have discussed some aspects related to DL Polar code construction and make the following proposals:
Proposal 1: For the WA on DL CRC+Interleaver, if there is no additional significant issues identified, adopt the interleaving method and interleaving pattern as currently captured in the draft specification 38.212. 
Proposal 2: In confirming the WA on CRC+interlaver, modifications to avoid unnecessary distribution of CRC bits towards the end of information block should be considered.   
Proposal 3: Frozen bit values are set to 0. FFS details of UE-specific scrambling on the output of Polar encoder.  
Proposal 4: CRC attached to a DCI message is masked with RNTI corresponding to the DCI message. 
Proposal 5: CRC bits towards the end of the decoding order are masked with RNTI. 
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