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1
Introduction
Concerning channel coding, following agreements were reached in RAN1#87:
Agreement: 
· UL eMBB data channels:

· Working Assumption to adopt flexible LDPC as the single channel coding scheme for small block sizes (to be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, implementation complexity and flexibility)

· (Note that it is already agreed to adopt LDPC for large block sizes)

· DL eMBB data channels:

· Adopt flexible LDPC as the single channel coding scheme for all block sizes

· UL control information for eMBB

· Adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· DL control information for eMBB
· Working Assumption to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· To be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, latency, power consumption and implementation complexity
Furthermore, concering QC-LDPC structure, it was agreed that

Agreements:

· Code extension of a parity-check matrix is used for IR HARQ/rate-matching support 
· Use lower-triangular extension, which includes diagonal-extension as a special case
· For the QC-LDPC design, the non-zero sub-blocks have circulant weight <=2
· Circulant weight is the number of superimposed circularly shifted Z(Z identity matrices
· 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
Since LDPC codes have been selected for the eMBB data channel, it is natural to use LDPC also for URLLC data. In this contribution we provide our initial proposal for the QC-LDPC codes for URLLC.

2
LDPC design for URLLC
Due to good performance, small error floors, low decoding latency and efficient implementation, QC-LDPC codes are a natural selection to URLLC, since LDPC codes have already been selected for eMBB data channel.

QC-LDPC codes are defined by their shift value matrix, and submatrix size. We propose the following code (notations follow same format as in [1]). The first matrix is defined for code rate R = 1/3, and it’s shift value matrix is

   47  73  81  53   0  -1  -1  -1  -1  -1  -1  -1
   75  65 112  22  -1   0  -1  -1  -1  -1  -1  -1
   -1  81  81  -1  51  32   0  -1  -1  -1  -1  -1
   93  -1  -1  -1  -1   9 104   0  -1  -1  -1  -1
  111 111  -1  -1  -1  -1 121  50   0  -1  -1  -1
  118  -1  -1  -1  -1  68  14  88  -1   0  -1  -1
   83  97  -1  57  -1  -1  -1  64  -1  -1   0  -1
   58  87  -1  -1  -1  -1  86  64  -1  -1  -1   0 

with submatrix size z = 130. This defines a code with (n,k) = (1560,520). Higher and smaller info block lengths are obtained with lifting. 
For rate R = 1/5, the matrix is

   47  -1  81  53   0  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1
   75  65  -1  22  -1   0  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1
   -1  81  81  -1  51  -1   0  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1
   93  -1  -1  -1  -1   9 104   0  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1
   -1 111  -1  -1  -1  -1  -1  50   0  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1
  118  -1  -1  -1  -1  -1  14  88  -1   0  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1
   -1  97  -1  57  -1  -1  -1  64  -1  -1   0  -1  -1  -1  -1  -1  -1  -1  -1  -1
   -1  87  -1  -1  -1  -1  86  64  -1  -1  -1   0  -1  -1  -1  -1  -1  -1  -1  -1
   -1  -1   4  -1  -1  -1  -1  51  36  -1  -1  -1   0  -1  -1  -1  -1  -1  -1  -1
   -1  -1  -1  -1  23  -1  -1 104  -1  -1  -1  -1  -1   0  -1  -1  -1  -1  -1  -1
   -1  -1  77  -1  -1  -1  -1  51   0  -1  -1  -1  -1  -1   0  -1  -1  -1  -1  -1
   -1  -1  -1  -1  79  -1  -1  -1  -1  -1  -1  -1  -1  -1  18   0  -1  -1  -1  -1
   63  -1  98  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1   0  -1  -1  -1
  118  -1 122  -1  -1  -1  92  -1  -1  -1  -1  -1  -1  -1  -1  10  -1   0  -1  -1
   -1   7  -1  -1  -1  -1  97  -1  -1  -1  -1  -1  -1  -1  -1  30  -1  -1   0  -1
   -1  -1  -1  67  -1  -1  -1  -1  72  -1  -1  -1  -1 106  -1  -1  -1  -1 109   0
When we compare these two matrices, we note that they have common elements, but some entries in the latter have been set to -1. This means that the same decoder can be used to decode both codes, with some groups of connections severed from the Tanner graph. Furthermore, the decoder for the first code uses only part of the Tanner graph, and in an efficient HW implementation, the rest of the decoder can be put to sleep. URLLC codes can be used for a large number of applications and use cases and power consumption and good area efficiency are important. 
This is further illustrated by the Tanner graphs of these two matrices, shown in Figure 1. Each blue circle represent z variable nodes and each red square represents z check nodes. Active connections are shown with a solid line, and severed connections with a dotted line. 
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Figure 1. Tanner graphs. Upper: Tanner graph for matrix 1; lower: Tanner graph for matrix 2.
Observation 1: With the proposed code structure, efficient decoder implementation is possible. 
One requirement for a URLLC code is low error floor. To demonstrate this, and rate compatibility, we provide a simulation with QPSK for code rate R = 2/5, which is obtained by puncturing from the code with rate 1/3. Offset min-sum decoder is used with a fixed offset value for all SNR points, and the number of iterations is 50. Results are shown in Figure 2. There is no error floor visible at BLER ≈ 10-4.
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Figure 2. Performance example with R = 2/5. QPSK in AWGN.
Observation 2: The proposed LDPC codes do not have detectable error floor. 

As the number of information bits for URLLC service vary a lot, it is essential that the channel code is flexible and supports variety of info block lengths. BLER performance of these codes are shown in Figure 3 for Kdata = 40, 200, 600, and 1024 and nominal code rate R = [ 1/12 1/6 1/3 1/2 ]. Modulo lifing is used if Kdata is smaller than 520. 
16 CRC bits are added in all cases, and because of this, the effective code rates are higher than the nominal rates. Since some of these rates are not supported directly by the base matrix, appropriate rate matching operations take place to achieve the required code length. For rates 1/3 and 1/2, we use the first matrix, with puncturing for the latter (puncturing is divided between systematic puncturing and parity puncturing.) For rates 1/6 and 1/12, the second matrix is used with repetition. 
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Figure 3. Performance for different K and R. QPSK in AWGN.
Observation 3: The proposed LDPC codes are flexible and therefore suitable for URLLC. 

Proposal 1: QC-LDPC codes should be used for URLLC. Decoder efficiency should be one of the design objectives.
Figure 4 shows the performance with IR-HARQ for K = 520. Since smaller SNR’s are more probable for URLLC, only QPSK and 16-QAM are simulated here. Circular buffer is used with no limitations on the number of retransmissions.
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Figure 4. Performance with incremental redundancy.
Observation 4: The proposed LDPC codes can support IR-HARQ. 

3
Conclusions
In this contribution we proposed QC-LDPC codes for URLLC. The proposed code has low error floor and has the flexibility to support all info block lengths at least up to 1000, and all required code rates.   

The following observations and proposals may be summarized:
Observation 1: With the proposed code structure, efficient decoder implementation is possible. 

Observation 2: The proposed LDPC codes do not have detectable error floor. 

Observation 3: The proposed LDPC codes are flexible and therefore suitable for URLLC. 

Observation 4: The proposed LDPC codes support IR-HARQ. 

Proposal 1: QC-LDPC codes should be used for URLLC. Decoder efficiency should be one of the design objectives.
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