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From RAN1 NR Ad Hoc #1 [1], the following agreements were made
Agreement: 
· Built-in puncturing of systematic bits is supported for LDPC coding, that is:
· At least for the initial transmission, the coded bits are taken after skipping the first Nsys,punct  systematic bits 
· Nsys,punct is selected from: 0, Z, and 2*Z
· The rate matching for LDPC code is circular buffer based (same concept as in LTE)
· The circular buffer is filled with an ordered sequence of systematic bits and parity bits
· FFS: Order of the bits in the circular buffer
· For IR-HARQ, each Redundancy Version (RV), RVi, is assigned a starting bit location Si on the circular buffer
· For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si
· Limited buffer rate matching (LBRM) is supported

In this contribution, we discuss the necessity of having bit-level interleaver after the circular buffer.
Description
A coding chain diagram is shown in Figure 1 representing the above agreements, which comes after segmentation with a given lift size Z and appropriate number of filler bits. The lifted graph is used to encode the information and filler bits according the LDPC code, and then the filler bits are punctured along with the 2Z systematic bits, which we refer to as the bits associated with “state nodes”. In [2], there is some discussion on the design of re-ordering into the circular buffer. Here we discuss the necessity of interleaving after the circular buffer (on the selected bits outcome).



[bookmark: _Ref481819485]Figure 1. Coding chain after segmentation

Frequency domain interleaving
As was discussed in [3], diversity across fading can be achieved with a frequency domain interleaver implemented at a resource element (RE) level [3], significant diversity gains can be achieved without resorting to any bit-level interleaving, as can be seen in the figure below. Note also that in either case, i.e., with frequency domain interleaver or without a frequency domain interleaver, there was no significant gain seem with a bit-level interleaver.
More details have been provided in the study of [3], with an illustration of the performance given below.
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Figure 2. Frequency interleaving gain from [3], including comparison with IntraCB interleaving

As a result of these extensive studies, the following proposals are made.
Proposal 1: Frequency domain interleaving at the resource-element level should be implemented.
Proposal 2: A bit-level interleaver across the code block is not needed after the circular buffer.

Conclusions
Proposal 1: Frequency domain interleaving at the resource-element level should be implemented.
Proposal 2: A bit-level interleaver across the code block is not needed after the circular buffer.
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