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1. Introduction
In RAN #76, non-orthogonal multiple access (NOMA) was approved as a NR Rel-15 study item [1]. The scenarios for NOMA include eMBB, URLLC, as well as mMTC. Link-level simulation assumptions have been agreed in RAN1 #92, with LDPC agreed as the single channel coding scheme for all three scenarios [2].
Agreements:

· Adopt the parameters in the following table for link-level evaluations of NOMA study.

Table: Link-level evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Channel coding
	URLLC: NR LDPC

 eMBB: NR LDPC 

mMTC: NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study


It is understood that the choice of NR LDPC for all three scenarios is for the performance evaluation purpose for NOMA study only. In this contribution, we specifically investigate the channel coding scheme for NOMA in the mMTC scenario with short block lengths. Such a study is motivated to understand to what extent different coding schemes matter in this case, and to serve as a general guideline in future choice of the appropriate coding scheme. This is a resubmission of R1-1804487.
2. Discussions
LDPC has been chosen as the single channel coding scheme for the data channel for 5G NR systems. For evaluation purposes, it has also been agreed to adopt LDPC as the channel coding scheme for all three scenarios, i.e., eMBB, URLLC, and mMTC. However, as extensively discussed during the evaluation of the channel coding scheme for data channel with short block lengths, the issues of code performance in the regime of small block sizes and code complexity make an argument for simpler coding schemes like LTE TBCC [3]. The advantage of LDPC over less powerful coding schemes diminishes for small data blocks. In terms of performance, it was observed that the advantage of LDPC almost disappears when the information block size becomes shorter than 40 bits [3]. Furthermore, it is likely that the most relevant NOMA scenario for small blocks involves a large number of devices; this is especially true for mMTC. The decoding complexity at the gNB side could very well become the limiting factor of the number of devices that can be simultaneously supported. The issue of decoding complexity comes to the forefront when NOMA is concerned.
Observation: Decoding complexity could be a limiting factor with a large number of simultaneously transmitting devices in NOMA.
The idea of NOMA itself is not new, and it has long been known that NOMA is the optimal multiple access scheme to maximize the sum capacity. However, due to practical concerns such as system complexity and scheduling control, orthogonal multiple access (OMA) has always been the mainstream. The fact that there are over 15 NOMA schemes proposed for consideration so far without a widely accepted categorization is somewhat self-explanatory [4]. In general, it is difficult to evaluate how different channel coding schemes impact the overall performance without fully specifying a particular NOMA scheme. Utilizing the fact that there are multiple simultaneously transmitting devices, each acting as an independent source of interference, the overall effect can be approximated as Gaussian which enables us to look at the AWGN performance of channel coding schemes as an approximation.

Following the principle of NOMA, for a particular UE, its payload can be spread over a relatively large time-frequency resource compared with OMA schemes. This is desirable as a lower spectral efficiency yields a higher energy efficiency, and a longer codeword length enables the possibility of a higher coding gain. In particular, for the mMTC scenario it has been agreed that 6 RBs can be allocated for NOMA transmissions. If 6 UEs are sharing the allocated resource using the traditional OMA schemes, on average each UE can only occupy 1 RB. With NOMA, on the other hand, each of the UEs can potentially occupy up to a total of 6 RBs, depending on the specific NOMA scheme adopted. With an agreed smallest TBS of 10 bytes, this gives a lowest spectral efficiency of around 0.1 bits/RE per UE. 

From the perspective of a single UE, the BLER performance it experiences under different SINR is given in Fig. 1, where a payload size of 80 bits w/o CRC and QPSK have been assumed. Code rates of both 0.05 and 0.1 are both simulated; they roughly correspond to the cases where the UE maps its payload onto 6 RBs and 3 RBs, respectively. For LTE TBCC, a simple list 1 Viterbi decoder is used. Max-log-map decoding algorithm is employed for LTE Turbo codes; while sum-product algorithm with 20 iterations is used for NR LDPC. It can be observed that at a BLER of 10%, LTE Turbo codes and LTE TBCC give similar performance; this results from the fact that the block size is still too small for capacity achieving codes to exhibit their potential. We further observe that they achieve similar results at both code rates. This is again expected as the native code rate provided by both schemes are around 0.33. Code rates as low as 0.1 or 0.05 are achieved by extensive repetition. There is no coding gain for both coding schemes when operating at such low code rates. We next observe that NR LDPC has a gain of approximately 0.2~0.3 dB over LTE coding schemes at both code rates at 10% BLER. The NR LDPC has a native code rate of at most 0.2 for base graph 2 (BG2); both energy and coding gain can thus be obtained by operating in the low code rate regime. However, whether the limited performance edge in this case justifies the use of LDPC and its complexity is questionable. In addition, we note that there are a few schemes proposed to enhance the LTE coding schemes [5][6]. It is therefore proposed that a thorough investigation on the appropriate channel coding schemes for NOMA with short block lengths should be conducted, with a special emphasis on the code complexity.
Proposal: Consider coding schemes with low decoding complexity for NOMA in mMTC with short block lengths.
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Fig. 1. BLER performance of coding schemes under AWGN with code rate = 0.1 and 0.05.
It is a well-known fact that capacity achieving codes perform non-ideally with short block lengths. It is motivated to investigate how far away the coding schemes under consideration are from perfectness. We compare the BLER performance with code rate 0.05 and QPSK, thus a spectral efficiency of 0.1, against the Shannon sphere-packing (SP) bound in Fig. 2 [7]. It is observed that the performance differences between the considered coding schemes are small when compared with the gap from the SP bound. In other words, the coding schemes considered here are equally far from ideal. To improve the performance of NOMA schemes with short block lengths, focusing on other aspects such as scrambling and modulation for interference minimization while having a low-complexity coding scheme is a more sensible approach.
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Fig. 2. BLER performance of coding schemes compared with the Shannon SP bound.
3. Conclusions
In this contribution, we have discussed the design consideration on channel coding schemes for NOMA in mMTC scenario. It is concluded that a coding scheme with low decoding complexity is more desirable with short block lengths. We have the following observation and proposal:
Observation: Decoding complexity could be a limiting factor with a large number of simultaneously transmitting devices in NOMA.
Proposal: Consider coding schemes with low decoding complexity for NOMA in mMTC with short block lengths.
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