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1 Introduction
In RAN1#87, the following agreements on LDPC code design were reached [1] :
Agreements:
· In parity check matrix design, the highest code rate (Rmax,j ) to design j-th H matrix for is 
· Rmax,j <=8/9
· Rmax,j is the code rate of the j-th H matrix before code extension is applied (0 j< J) 
· Rmax,j is the code rate after accounting for the built-in puncturing, if this is applied in H matrix design
Rate matching to support transmission code rate higher than Rmax,j is not precluded

In this contribution, we revisit the discussion on highest code rate for the NR data channel. In RAN1#87, the highest code rate to consider in parity-check matrix design was agreed to be 8/9. However, with the agreement to use  and , corresponding to , it can be advantageous to revisit the decision on design code rate.
Furthermore, the agreement does not preclude code rates higher than 8/9 achieved through rate matching. We argue that higher code rates should be considered to achieve high throughput when the channel conditions are optimal. We also show that code rates up to 0.95 can be achieved through puncturing of LDPC codes designed for rate 8/9 without significantly reduced performance.

2 Selection of maximum code rate for NR data channel
In LTE, the highest code rate included in the MCS table is , see Table 7.1.7.1-1 in 3GPP spec 36.213 [2]. In NR, the highest code rate should be at least as high as in LTE, to take advantage of good channel conditions that cell-center UEs may experience.
To achieve such high code rates with the agreed parity-check matrix structure, parity bits from the dual-diagonal part typically have to be punctured. However, since the parity-check matrix is in that case not designed for those high code rates, performance may be an issue.
In [4], we have analysed the performance of an LDPC code designed for rate 8/9 at higher code rates. It is shown that the performance can be improved if the puncturing pattern for puncturing the parity bits belonging to the dual diagonal part is optimized. In this contribution, we consider the high#2 family LDPC code proposed in [3] and the puncturing pattern from [4] which is optimized for this code. This code is selected since it has , which is close to the agreed . Figure 1 shows the performance for high code rates ranging from 0.89 to 0.98 for an information block length of K=1000 bits. The results show that a large amount of the parity bits in the dual diagonal can be punctured without significant performance degradation. Based on the results in Figure 1, we conclude that  can be achieved with competitive performance. This is slightly higher than the highest code rate used in LTE.
[bookmark: _Toc481780800]A code rate of 0.95 can be achieved through puncturing of the parity bits in the dual diagonal part without significant performance degradation.
[bookmark: _Toc481780810]In NR, the highest code rate should be at least as high as in LTE, i.e. Rmax = 0.930, to take advantage of good channel conditions that cell-center UEs may experience.
Puncturing pattern for LDPC codes should be designed to support code rate at least up to Rmax=0.930.
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[bookmark: _Ref481778838]Figure 1: Performance for high code rates and K=1000 bits
3 [bookmark: _Ref178064866]Selection of highest code rate for design
It has been agreed that the LDPC code selected for the NR data channel should have . Given that the LDPC base graph consists of 22 systematic nodes, whereof the first two are punctured systematic nodes, the size of the dual-diagonal part containing parity bits is a design choice. If the dual-diagonal part is small, high code rates can be achieved without puncturing. On the other hand, LDPC codes with a larger number of nodes in the dual-diagonal part typically achieve better performance at lower code rates where puncturing of the dual-diagonal part is not required. Table 1 shows the highest code rate that can be achieved without puncturing parity bits in the dual-diagonal part for different sizes of the dual-diagonal part of the parity-check matrix. Incidentally, code rate 8/9 = 0.889 is only achievable via puncturing or shortening of the  base matrix.

[bookmark: _Ref481782027]Table 1: Relation between the size of the dual-diagonal part of the parity-check matrix and the highest code rate achieved without puncturing
	Size of dual-diagonal part
	Highest code rate

	4 x 4
	22/24 = 11/12 = 0.917

	5 x 5
	22/25 = 0.880

	6 x 6
	22/26 = 11/13 = 0.846

	7 x 7
	22/27 = 0.815



When the dual-diagonal part has size 4 x 4 to 6 x 6, the highest code rate achieved without puncturing is fairly high. For these cases, puncturing of parity bits in the dual-diagonal part may be considered to reach a sufficiently high code rate for the NR data channel. However, with a dual-diagonal part of size 7 x 7, the highest code rate achieved without puncturing is 0.815. To reach a high code rate like  or  , a large fraction of the parity bits in the dual-diagonal part must be punctured, which may result in bad performance at very high code rate. Therefore, the size of the dual-diagonal part is a design choice that constitutes a trade-off between performance at lower and higher code rate. We propose that BLER performance at lower code rates as well as higher code rates is evaluated and considered in the selection of LDPC parity-check matrix. As discussed, the code design should consider higher code rates up to at least 0.930.

BLER performance at both lower and higher code rates is evaluated and considered in the selection of LDPC parity-check matrix.
4 Conclusion
In this contribution, we made the following observations:
Observation 1	A code rate of 0.95 can be achieved through puncturing of the parity bits in the dual diagonal part without significant performance degradation.

Based on the discussion and the observations we have the following proposals:

1. In NR, the highest code rate should be at least as high as in LTE, i.e. Rmax = 0.930, to take advantage of good channel conditions that cell-center UEs may experience.
1. Puncturing pattern for LDPC codes should be designed to support code rate at least up to Rmax=0.930.
1. BLER performance at both lower and higher code rates is evaluated and considered in the selection of LDPC parity-check matrix.
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