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Introduction
The study of New Radio Access Technology was approved in 3GPP RAN # 71  [1]. The objective 3 of this study item is as follows,  

Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing inthe following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
· Radio interface protocol architecture and procedures
· Radio Access Network architecture,interface protocols and procedures, 
Study on the above 2 bullets shall at least cover:
· Study the feasibility of different options of splitting the architecture into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3];
· Study the alternative solutions with regard to signaling, orchestration, …, and OAM, where applicable [in co-operation with SA5];
· Study and outline the RAN-CN interface and functional split [in co-operation with SA2] [RAN2, RAN3];
· Study and identify the basic structure and operation of realization of RAN Networks functions (NFs). Study to what extent it is feasible to standardize RAN NFs, the interfaces of RAN NFs and their interdependency [RAN3];
· Study and identify specification impacts of enabling the realization of Network Slicing [in co-operation with SA2] [RAN2, RAN3];
· Study and identify additional architecture requirements e.g.support for QoS concept, SON, support of sidelink for D2D [RAN1, RAN2, RAN3].
· Fundamental RF aspects – especially where they may impact decisions on the above, e.g., 
· Study and identify the aspects related to the testability of RF and performance requirements
In this contribution, we discussed channel coding aspects in the design of5G new radio access interface.
Discussion
1.1 5G new requirements
The fifth generation wireless networks are currently being studied and designedto handle a wide range of applications. One important emerging area is ultra-reliable and low-latency communication (URLLC), e.g. new mission-critical machine-type communication application. For URLL communication, a shorter TTI with ultra reliable data transmission is the focus of system design. The selection criteria of the forward error correcting code for channel coding is good performance for small code block (e.g. less than 1000 bits) and low error floor..
Another area that is considered increasing important is enhanced mobile broadband (eMBB) communication which is mainly used for high speed transmission applications, such as high-definition video, virtual reality and etc. As the target of eMBB communication is to provide peak throughput at least 20Gbps,  the forward error correction codes with good performance for the long code block (such as more than 10000 bits) with high speed decoding capacity is the best choice.
 The performance of TBCC and turbo codes is not optimal for short code block The complexity of the turbo decoder increases exponentially as the code block size exceeds 10,000 bits.    The performance requirements of 5G application provides a strong motivation in designing new type channel coding for next generation radio access. 
It is noted that typical eMBB traffic of 5G new radio is based on medium code block.  The medium code block forward error correction codes still need to be optimized. To share common encoding/decoding resource in the receiver design, the same channel coding scheme is preferred for both medium and long block length. However, considering good performance of turbo codes for medium block length, the existing  turbo code should also be considered as the candidate.
As performance of linear block codes is not very well for ultra-short block length (e.g. less than 200 bits), TBCC and RM codes should also be considered for small packet of control signaling transmission.
Proposal 1: New type error correction coding design should comply with requirements of URLLC, mMTC and eMBB. 
Proposal 2: The performance of forward error correction code with short code block  and excessive long code block should be investigated targeting URLLC and  eMBB applications, respectively.
1.2 Design requirements and targets
The following criterion of  the channel coding design  can be considered for 5G new radio access.
· Short  code block  for URLLC applications
 The principle of the forward error correcting code selection is the good BER/BLER performance.. In addition to the good BER/BLER performance, the forward error correcting code with low error floor is critical.   The error floor is the factor  in triggering HARQ retransmission.  Fewer numbers of HARQ retransmission would have the results of reducing the end-to-end delay.    The other criteria in selecting forward error correcting code is the robust performance on various fading channels.,  Another criteria of forward error correcting code for small code block with shorter TTI is the decoding performance against correlated bit error.  The URLLC demand a shorter TTI to meet the latency requirements of 0.5 ms end-to-end delay.  The shorter TTI, such as n-symbol TTI could not have sufficient depth of interleaver to de-correlate the consecutive eorrs caused by fast fading.   
The decoding complexity is another consideration in the investigation of FEC code.  The code structure with property of being partitioned for partial parallel decoding and fast decoding convergence with minimum soft-decision iterations are preferable for the design of short code block.   The low error floor can also be achieved by concatenating channel coding with an additional outer code, such as RS code.   ,. 
One consideration of the FEC code property is the flexibility of the code rate through rate matching.  The data packet is encoded to the coded bits and then map to a transport block.  The mismatch of the coding bits to the transport block size is rate matched by puncturing or padding with the coded bits.  Therefore, new type channel codes should support good rate matching performance to fit for different transport block size
Proposal 3: For short code block FED in the 5G new radio  channel coding design, the following design criterion are considered.
· Good BER/BLER performance
· Low error floor
· Robust performance on various fading channel
· Strong burst errors correction ability
· Good rate matching performance
· Acceptable decoding complexity
· Long  code block  for eMBB applications
 The b new channel coding scheme for large code block size should have the benchmark of better BER/BLER performance than that 3GPP turbo codes.  The other criterion is that the structure of new channel coding could be partitioned for high speed parallel decoding.  The decoder memory is in proportional to the code block length.  The requirement of low encoding/decoding memory is one of the design targets for FEC with large code block.   Another consideration in the decoding complexity is the degree of the increasing decoding complexity as the code block size increases.  
Proposal 4: For FEC codes with long code block in the 5G new radio  channel coding design, the following design criterion are  considered.
· Good BER/BLER performance
· High speed parallel decoding ability
· Low encoder/decoder memory
· Low decoding complexity
1.3 Performance metrics and Evaluation methodologies
· Performance metrics
BER/BLER, error floor, and encoding/decoding complexity are the performance matrices .
Proposal 5: The detail parameters and the performance matrices of the channel coding scheme should be specified for evaluation.  
· Evaluation methodologies
The evaluation should be performed using AWGN channel and QPSK modulation. High order modulation, fading channel and MIMO can be considered for further evaluation. 
1.4 FEC Code Candidates for 5G NR Channel Coding 
To support 5G requirements, the following FEC codes are candidates for the 5G channel coding scheme 
· Non-binary LDPC codes
Non-binary low-density parity-check (LDPC) codes were first introduced by Gallager in 1963 and were rediscovered by Davey and MacKay in 1998. Non-binary low-density parity-check codes have following pros and cons.
· Pros
Firstly,  non-binary LDPC codes have obvious performance gain over binary turbo codes and LDPC codes for small code block. Furthermore, the design target of low error floor can be easily achieved bynon-binary LDPC codes.  Non-binary LDPC codes have capability to battle burst errors than binary counterparts.   LDPC codes in combination with high order modulations can achieve higher spectral efficiency. 
· Cons
Main drawback of non-binary LDPC code is the high decoding complexity. For large code block, non-binary LDPC codes have comparable performance with binary counterparts. Therefore, non-binary LDPC codes should be considered only for short code block. 
· Polar codes
Polar codes are a new class of codes, introduced by Arıkan in 2009. They have following pros and cons.
· Pros
Polar codes have very structured encoder with low encoding complexity and memory. Another main advantage for polar codes is the  rate adaptation performance without the need for code reconstruction each time as code rate is changed.
· Cons
The polar codes are known to achieve the capacity of symmetric binary-input memoryless channels.  The decoding performance is not very well.  The decoding complexity is high.   The polar codes are difficult to implement.  The general BER/BLER performance of polar codes is not under par except  a high complexity list decoding algorithm is applied.  Another important defect of polar codes is that good performance can be achieved only in some special channels.   The performance of the polar codes is not universal for different radio channel conditions. 

Non-binary turbo codes

Non-binary turbo codes are the generalization of binary turbo codes. Both of them are proposed by C. Berrou. The non-binary turbo codes have the following pros and cons.
· Pros
Compared with its binary counterparts, non-binary turbo codes enjoy smaller decoding thresholds and much lower error floor. For example, the error-floor of dual-binary turbo codes are several orders lower than those of the binary counterparts. Thus, they can easily achieve BLER 10-5 or even lower without error floor. Moreover, short dual-binary turbo codes are able to provide coding gain over their binary counterparts. It is also worth mentioning that the decoder of binary turbo codes could be simply extended for non-binary turbo codes, which make it more attractive.
· Cons
Decoding complexity of non-binary turbo codes is  higher than the binary counterparts.
· Binary turbo codes
The BLER and the error floor performance is not good for  binary turbo code with short code block . For medium or long code block length, turbo codes show excellent performance.   The decoding throughput is limited by low parallel processing capability. To reach a peak speed of 20Gbps, enhanced binary turbo codes with higher parallelism, lower decoding complexity and minimum specification changes should be studied. 

· Binary SC-LDPC codes
Spatially coupled LDPC (SC-LDPC) codes are the counterpart of convolutional codes and LDPC block codes, which was proposed by Felstr¨om and Zigangirov. They have the following pros and cons.
· Pros
SC-LDPC codes are capacity-achieving codes, which combine the advantages of both convolutional codes and LDPC block codes. SC-LDPC codes have parity check matrices with convolutional structure. SC-LDPC codes inherit the high parallel processing capabilities of LDPC codes.  The SC-LDPC codes  are  capable of supporting multiple Gbps throughput. For large block length, sliding-window decoding strategies can be used for reducing latency and memory requirements.  The decoding complexity depends on slide-window size instead of codes length. Therefore, SC-LDPC codes have great potential for applications such as EMBB case.
· Cons
Compared with LDPC block codes, the performance of short length SC-LDPCCs is not very well as that of LDPC block Furthermore, time-varying SC-LDPCCs suffer high decoding complexity for large block length.
Proposal 6: We recommend Non-binary LDPC codes, Polar codes, non-binary turbo codes as the candidate for short block length error correcting codes and SC-LDPC codes, enhanced binary turbo codes as  the candidate for long block length error correcting codes.
Conclusion
In this contribution, we discuss channel coding for 5G new radio. The discussions are summarized with the following   proposals:
· Proposal 1: New type error correction coding design should comply with requirements of URLLC, mMTC and eMBB. 
· Proposal 2: The performance of forward error correction code with short code block  and excessive long code block should be investigated targeting URLLC and  eMBB applications, respectively.
· Proposal 3: For short code block FED in the 5G new radio  channel coding design, the following design criterion are considered.
· Good BER/BLER performance
· Low error floor
· Robust performance on various fading channel
· Strong burst errors correction ability
· Good rate matching performance
· Acceptable decoding complexity
· Proposal 4: For FEC codes with long code block in the 5G new radio  channel coding design, the following design criterion are  considered.
· Good BER/BLER performance
· High speed parallel decoding ability
· Low encoder/decoder memory
· Low decoding complexity
· Proposal 5: The detail parameters and the performance matrices of the channel coding scheme should be specified for evaluation.  
· Proposal 6: We recommend Non-binary LDPC codes, Polar codes, non-binary turbo codes as the candidates of the short block length error correcting codes  and SC-LDPC codes, enhanced binary turbo codes as the candidates of long block length error correcting codes.
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