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1. Introduction
In this contribution, we discuss the data channel encoding chain, including the following:
· Transport block CRC attachment
· Code block segmentation
· Per code block functions including zero-padding LDPC encoding and rate-matching, modulation symbol mapping 
· Mapping to physical resources
· Filler bits attachment/zero-padding
· Redundancy version for IR-HARQ
2. Discussion 
The NR data channel coding scheme is required to deliver very large throughputs at very low-latencies. Therefore, the LDPC coding and multiplexing scheme should enable fast and pipelined decoding architecture. The proposed data channel encoding scheme is shown in Figure 1. 
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We discuss the different blocks below in a bit more detail. There is a quite a bit of overlap with the LTE downlink coding chain [1][2].
Transport block CRC attachment: Transport block CRC is attached to ensure data integrity (i.e. error detection) of the MAC payload. Typically in LTE, a 24-bit CRC is attached a transport block level. However given LDPC parity-check can provide inherent error detection capability, it is possible to have a smaller CRC overhead for transport block level CRC, which when used in conjunction with LDPC parity check criterion can improve the overall code performance without sacrificing the false alarm rate. 
Code Block Segmentation: Very large transport blocks are segmented in to smaller code block segments, each of which can be independently (of one another) processed using reduced hardware complexity without any major performance degradation. The code block segmentation takes into account the largest supportable LDPC information block size as one of the criterion in determining the code block segment size. To facilitate pipelined decoding, in some scenarios (e.g. very fast feedback (e.g. A/N fed back in the same slot)), it may be desirable to align the code block boundaries (i.e. in mapping a set of code blocks to a group of assigned OFDM symbols). In other scenarios (e.g. a relatively relaxed feedback), it may be desirable to align the boundaries for a group of code blocks to a group of OFDM symbols. In the former case, more zero-padding may need to supported, trading-off performance for latency, whereas in latter case, the performance can be improved a bit at the cost of increased processing latency. In case of a group CRC attachment (described next), the code block segmentation can encompass the group CRC attachment also. 
Group CRC attachment:
In LTE, each code block segment has an attached code block level CRC to facilitate early stop of decoding. However, as mentioned earlier, since LDPC provides a built-in parity-check criterion, it can be used to reduced (or avoid) any code block level CRC attachment. However, as being discussed in other topic (e.g. multiplexing of URLLC and EMBB, see [3][4]), there may be a need to support retransmissions on a granularity that may be on a sub-transport block level e.g. at a group of code blocks level. To support HARQ feedback in such a case, a CRC can be attached to a group of code blocks. Therefore, this group CRC attachment block in the figure is optional as it is required only if A/N at a CBG-level needs to be supported – etc. The CRC attachment is not required for early stopping in the decoder. 
If a code block group is not configured, then there is no need for a code block level CRC. 
Per-code block functions:
Following the code block segmentation (and any possible group CRC attachment), the remaining operations such as zero-padding, LDPC encoding, rate-matching (including a circular buffer operation with redundancy version) and modulation symbol mapping are all performed at code block level. This is very helpful for a pipelined decoding architecture, and also supports flexible implementations (e.g. one or more parallel decoders can be used). 
Mapping to physical resources:
After the modulation symbols are generated, scrambling is applied and the modulation symbols can be mapped to the available OFDM symbols in a frequency-first manner rather than in a time-first manner as the former allows the decoder to start decoding of the code blocks early, similar to LTE downlink – on the other hand, for EMBB and URLLC multiplexing, the mapping order (freq-first/time-first/randomized) can impact the overall system performance differently. This aspect is considered further in [3]. We think the mapping to physical resources should be determined based on overall system impact as well the impact of the mapping on the latency of the decoder. 
3. Zero-padding 
In the Adhoc meeting in Jan 2017, the following was agreed with regards to shortening. However, there was a working assumption on the location of the filler bits (or zero-padding). We propose to confirm the working assumption. Furthermore, we also propose to set the value of the filler bits F to 0, in line with the conventional shortening/zero-padding procedure (e.g. also used in LTE turbo code). Setting the filler bit value to 0 can also benefit in LDPC implementations (encoding/decoding) as the edges correspond to such filler bits could be removed from the Tanner graph without any impact on performance.
Agreement:
· Shortening is applied before LDPC encoding when necessary
· Working assumption: Filler bits F are attached at the end of info block B to form vector U = [B F] 
· Can be verified at RAN1#88
· Vector U is the input to LDPC encoding
· The filler bits F are not transmitted

Proposal 2: Confirm the working assumption from RAN1#adhoc i.e. Filler bits F are attached at the end of info block B to form vector U = [B F]
Proposal 3: Filler bits F are set to 0.
4. IR-HARQ redundancy versions
In the Adhoc meeting in Jan 2017, it was agreed to support LTE-like circular buffer rate-matching with redundancy versions for IR-HARQ. Since adaptive HARQ is supported for NR, the redundancy version information may be transmitted along with the resource allocation information within the DCI. We propose to support a maximum of four redundancy versions for NR. Since LDPC code design is aligned closely with the shift size, for simplicity, it is further proposed that the starting point in the circular buffer can be determined based on the base matrix (or shift size) associated with the parity-check matrix used with the circular buffer.
Proposal 4: Maximum number of redundancy versions supported for LDPC HARQ is four. 
5. Conclusions
Proposal 1: Data channel encoding chain for a single transport block is as shown below:
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Proposal 2: Confirm the working assumption from RAN1#adhoc i.e. Filler bits F are attached at the end of info block B to form vector U = [B F]
Proposal 3: Filler bits F are set to 0.
Proposal 4: Maximum number of redundancy versions supported for LDPC HARQ is four. 
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