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Introduction
In general, for the conventional DL/UL multiple access (MA) scheme, three design criteria have been considered as spectral efficiency, energy efficiency and system complexity. In NR (New RAT) design, three use cases are considered as eMBB, mMTC, and URLLC with several KPIs for IMT 2020 RIT submission [1]. Specially, some KPIs such as massive connectivity, spectral efficiency and latency, might be enormously challenging. As the first step toward NR design, the non-orthogonal multiple access (NoMA) schemes for NR are discussed, and some LLS evaluation results for NoMA schemes are presented.
Followings are the agreements and observations on the multiple access of NR in RAN1 #84bis;
Agreements:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied
Observations:
· Examples non-orthogonal schemes include (but not limited to):
· For UL, Multi-user shared access (MUSA) (e.g., R1-162226)
· Resource spread multiple access (RSMA) (e.g., R1-163510)
· Sparse code multiple access (SCMA) (e.g., R1-162153)
· Pattern defined multiple access (PDMA) (e.g., R1-163383)
· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)
· Low code rate spreading (e.g., R1-162385)
· Frequency domain spreading (e.g., R1-162385)
· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)

Non-orthogonal Coded Multiple Access (NCMA)
The NoMA schemes have been proposed for the increase of the connectivity or the system throughput. These schemes are based on the spreading code (e.g. CDMA based approaches) or the difference of power level (e.g. MUST scheme in Rel-13). In case of specific channel environments with system optimizations (e.g. power allocation or user scheduling); the NoMA schemes can provide the improved connectivity or the increased system throughput compared to the conventional OMA schemes. However, NoMA schemes have some defeats, such as scheduling complexity, encoding/decoding complexity, loss of BLER, and limited environments.
In the NoMA schemes, multiuser interference (MUI) is inherently induced. Considering this, spreading based non-orthogonal coded multiple access (NCMA) scheme was suggested in [2]. This scheme is one of an approach for theoretically minimizing the MUI based on the spreading codes. Note that the spreading code design mentioned in [2] is one of the NCMA schemes. 
In case of the scheduled UL transmission (which means that UEs are in RRC_CONNECTED state and synchronized in UL for MU), the concept of [2] can be considered as one of techniques for achieving MAC capacity. When we consider the other user’s signal as noise and do not cancel, the achievable rate region is given as
· w/o Interference Cancellation Receiver
· , ,
where  .
Here,  represents the maximum received power constraint for user k,  is the Gaussian noise variance, N is spreading factor, K is the number of users for scheduled transmission, and  represents the spreading codeword allocated to the transmission of user k. The MAC capacity is obtained by . Specially, since the MUI () is a static value by N and K, it might be simply implemented to the receiver compared to NoMA schemes with the varied MUI. For example, in the computation of LLR values for channel coding, assuming small N, interference variances are affected by multiuser channels, not multiuser codewords.
On the other hand, it is known that NoMA can approach MAC capacity bound by employing an interference cancellation (IC) receiver. The achievable rate region by iterative IC techniques is given as
· w/ Interference Cancellation Receiver
· , , where 
Here, the residual MUI () depends on the performance of an IC receiver. However, the IC receiver induces considerable complexity for the implementation. Thus, the complexity according to types of IC receiver should be one of consideration points.
From another point of view, coding based NCMA scheme can be also considered as one of other approaches for the NCMA schemes. This scheme is one of an approach to disperse the MUI based on the user-specific scrambling codes in coding domain. In general, it is known that throughput of UL for multiusers can be improved by controlling the trade-off between coding gain and spreading gain according to system environments. Consequently, it may be required to proper combination of coding based NCMA and spreading based NCMA according to system environments. 
In case of the contention based transmission (for example, UEs are in RRC_IDLE or RRC_CONNECTED state, and synchronized in UL for MU), the concept of [2] can be considered as one of techniques for expanding contention resource. The expanded contention room through the NoMA scheme can provide the reduced collision probability. In Section 3, potentials of spreading based NCMA for scheduled transmission and contention based transmission are represented.
Proposal 1: It can be considered to use NoMA schemes such as NCMA in order for supporting massive connectivity or contention based MA in special scenarios.

Evaluation Results
1.1. Simulation Parameters
· Simulation parameters are represented as follows:
Table I. Link Level Simulation Assumptions
	Waveform
	OFDM

	Multiple Access
	FDMA
OCMA: Spreading based OFDMA (w/ Orthogonal Code)
Scheme 1: Spreading based NCMA (w/ Non-orthogonal Code)

	Carrier Frequency
	2GHz 

	Subcarrier Spacing
	15kHz

	System Bandwidth / FFT Size
	10MHz / 1024

	Transmission Bandwidth
	4PRBs

	Antenna Configuration
	1T1R

	Channel Coding
	Turbo Coding (TC); Code rate (Cr) - 1/2, 1/4

	Modulation
	QPSK

	Interference Cancellation
	Parallel Interference Cancellation with 5 iteration 
(for only spreading based schemes)

	Channel Model
	TDL-UMa, mobility-3km/h

	Channel Estimation
	Ideal



· Examples of spreading codebook for minimizing the MUI are represented as follows:
Table II. Codebook for Spreading Factor: N = 2
	# of codewords
(Max. # of users: K)
	Examples of spreading codebook 

	2
	

	3
	

	4
	



Table III. Codebook for Spreading Factor: N = 4
	# of codewords
(Max. # of users: K)
	Examples of spreading codebook 

	4
	

	6
	

	8
	




1.2. Block Error Rate
In this section, to provide potentials of spreading based NCMA for scheduled UL transmission, link level simulation based the block error rate (BLER) with multiuser connectivity is represented. 
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Figure 1. BLER comparisons for repetition or spreading factor = 2 with 1/4 code rate of turbo coding
[image: ]
Figure 2. BLER comparisons for repetition or spreading factor = 4 with 1/2 code rate of turbo coding

Figures 1 and 2 represent the BLER comparisons for repetition or spreading factor = 2, 4) with 1/4, 1/2 code rate of turbo coding, respectively. In these simulations, TDL-UMa with 3km/h mobility, QPSK modulation and ideal channel estimation are assumed. Here, ‘RF’, ‘SF’ and ‘K’ represent repetition factor, spreading factor and the number of users (which share resource elements), respectively. Assuming 4 PRBs with 2 DMRS symbols, transmission bits per user are 144 bits for all schemes and cases. Above results represent that the Scheme 1 can provide some connectivity gain or total throughput gain with only marginal loss of BLER. In other words, the Scheme 1 can accommodate larger number of UEs than other schemes such as FDMA or OCMA while performance provided by the Scheme 1 can be comparable to other schemes. Consequently, above results show the potentials of Scheme 1 which supports multiuser connectivity under given limited resources.
Observation 1: NoMA schemes such as NCMA can provide some connectivity gain or total throughput gain with only marginal loss of BLER in special case.

[image: ]
Figure 3. Summary of the number of UEs versus required SNR at BLER=0.1 with 144 bits per user

Figure 3 represents the summary of the number of UEs versus required SNR achieving 10% BLER with 144 transmission bits per user. (In the case of the number of users less than spreading factor, Scheme 1 is identical to OCMA [2].) In Figure 3, it can be observed that performance of Scheme 1 with SF=4 and K= 6 is better than the case of with SF=2 and K=6. Thus, to obtain connectivity gain by using NoMA schemes, it is required to proper combination of channel coding rate and spreading factor according to system environments.
Observation 2: To obtain connectivity gain by using NoMA schemes, it is required to proper combination of channel coding rate with and spreading factor according to system environments.

1.3. Collision Probability Analysis
In this section, to provide potentials of spreading based NCMA for supporting contention based transmission, the collision probability based on numerical analysis is represented. The collision means that multiple users simultaneously use an identical contention room. The collision probability is calculated numerically as follows:
, where  
For simple analysis for the contention based transmission, it is assumed that the total number of devices is 52547 and periodic inter-arrival times are given as 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%), as described in Annex E of [4]. Based on the above assumptions, the average arrival rate is calculated as 6.81 transmission attempts/sec [5]. Assuming a burst of 100ms per transmission attempt, the collision probability can be calculated as Figure 4. 
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Figure 4. Collision Probability Analysis of Orthogonal and Non-orthogonal Codeword

Figure 4 represents the analysis for collision probability of contention based transmission in case of using the orthogonal and non-orthogonal codewords. As represented in Sections 2 and 3, it is expected that the extended contention resources can be provided by using the non-orthogonal codewords with some loss of soft collision (e.g., BLER), compared to the orthogonal codewords. In Figure 4, there are 10 contention resources in time domain since 10 bursts per second can be transmitted. In addition, there are 4 contention resources in codeword domain via 2 orthogonal codewords. On the other hand, there are 3, 4 and 5 contention resources in codeword domain via 3, 4 and 5 non-orthogonal codewords, respectively. So, in the average arrival rate of 6.81 transmission attempts/sec, the collision probability can be obtained 4.635%, 2.217%, 1.295% and 0.8475% for 2 orthogonal, 3 non-orthogonal, 4 non-orthgonal and 5 non-orthogonal codewords, respectively. Consequently, the non-orthogonal codewords reduce the collision probability by 52%, 72% or 82% with only less than 2dB loss of BLER according to the simulation results in Section 3.2.
Observation 3: Non-orthogonal codewords can expand contention resources for the contention based transmission with only some loss of soft collision.
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Summary
In this document, we discussed on MA for the NR. Our suggestions can be summarized as below. 

Proposal 1: It can be considered to use NoMA schemes such as NCMA in order for supporting massive connectivity or contention based MA in special scenarios.
Observation 1: NoMA schemes such as NCMA can provide some connectivity gain or total throughput gain with only marginal loss of BLER in special case.
Observation 2: To obtain connectivity gain by using NoMA schemes, it is required to proper combination of channel coding rate with and spreading factor according to system environments.Observation 3: Non-orthogonal codewords can expand contention resources for the contention based transmission with only some loss of soft collision.
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