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1. Introduction

At the RAN#71, the new study item for new radio access technology was approved [1]. At the RAN1#84bis, high-level agreements were reached for further study of the multiple access schemes.
Agreements:
· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access

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
In this contribution, we describe our initial views and preliminary evaluation results on non-orthogonal multiple access schemes for NR uplink. Our thought on the detailed multiple access transmission mechanisms for NR is described in [2]. 
2. Motivation for non-orthogonal multiple access scheme

At the last RAN1 meeting, it was agreed that non-orthogonal scheme should be investigated for diversified NR usage scenarios and use cases. For eMBB scenario, the motivation of non-orthogonal scheme is straightforward. Since one of the most important requirements for eMBB scenario would be to achieve higher DL/UL capacity gain and higher spectrum efficiency, intra-cell orthogonalization like LTE (OFMDA, SC-FDMA) could be enhanced and non-orthogonal multiple access with interference cancellation could be considered to satisfy such requirements. On the other hand, for mMTC scenario, the situation is different from eMBB scenario. Since the network is expected to accommodate a massive number of connections with sparse short message in mMTC scenario, LTE like transmission, e.g., RACH and DL/UL grant based transmission, causes serious signaling overhead. Hence, the mechanism to reduce signaling overhead should be investigated. Autonomous/grant-free/contention based non-orthogonal multiple access agreed at the last meeting is one possible candidate to address this issue. For URLLC, there would be also motivation to support non-orthogonal multiple access. When there is an urgent UL data, UE would immediately initiate UL transmission without reporting scheduling request (SR) and awaiting UL grant. RACH procedure can be further omitted if UL transmission is urgent. In such a case, since a resource collision between URLLC UE and other UE may happen, non-orthogonal transmission can be considered to ensure efficient resource utilization.
Observation. 1: There are the following motivation for non-orthogonal multiple access scheme:
1. Capacity enhancement for eMBB scenario

2. Overhead reduction to support massive connectivity for mMTC scenario 
3. Efficient resource utilization for URLLC

3. Novel non-orthogonal multiple access scheme
At the last meeting, several non-orthogonal multiple access schemes were listed as follows:
	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)


Although there are many candidates, the targeting scenario and assumption of each scheme remain unclear. Hence, for further investigation and performance comparison, each scheme should be categorized according to the targeting scenario or motivation.
Proposal 1. Candidate non-orthogonal multiple access schemes should be categorized according to the targeting scenario or motivation.
3.1. NOMA for eMBB scenario
NOMA mentioned here is targeting capacity enhancement for eMBB. Generally, NOMA introduces power-domain user multiplexing and exploits more advanced receivers for multi-user signal separation at the receiver side [3-5]. In NOMA, capacity or throughput improvement can be expected by sharing the same radio resources among multiple UEs and allocating more radio resource per UE as shown in Fig. 1. Those multiplexed user can be separated by creating a large difference in power between paired UEs at the transmitter side and the application of more advanced receiver, e.g., maximum likelihood detector, successive interference cancellation (SIC) receiver, at the receiver side as shown in Fig. 2 (a). Fig. 2 (b) shows the capacity comparison when assuming 20 dB of SNR difference between paired UEs in uplink. Moreover, NOMA does not rely on the knowledge of instantaneous channel state information (CSI) of frequency-selective fading. Thus, a robust performance gain in practical wide area deployments can be expected irrespective of UE mobility or CSI feedback latency. 
Observation 2. NOMA can be considered for eMBB DL/UL scenario to improve channel capacity.
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Figure 1. Comparison of orthogonal multi-le access access and NOMA in uplink
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Figure 2. Uplink NOMA (Non-Orthogonal Multiple Access)
3.2. UL NOMA for mMTC/URLLC scenarios
Since NOMA is originally proposed to improve DL/UL capacity as shown in Fig.1 (b), NOMA can be applied to eMBB DL/UL scenario. In addition, NOMA can be extended in order to support massive connectivity and to reduce control channel for mMTC. In this section, we describe an example for contention-based uplink NOMA.
In [2], we proposed that RACH-less (asynchronous UL) and UL grant-free transmission should be studied for NR. In order to support such transmission, UL resources for RACH-less and UL grant-free transmission could be statically or semi-statically preserved. The RACH-less and UL grant-free asynchronous UL transmission is performed within only these preserved resources. See more details in [2]. When considering such transmission scheme, a packet collision would happen. As an application of NOMA is not straightforward to handle such a collision, one possible way is to define multiple resource sets sharing the same time- and frequency- resource where each resource set would be associated with coverage level. Then, each UE selects UL resource according to its own measurement results, e.g., RSRP, path-loss level, as shown in Fig.3. In this way, path-loss difference between different UEs can be exploited and the performance gain from NOMA will be expected as is the case with eMBB.
However, there remains a collision issue between UEs experiencing the same level of path-loss. To avoid this interference, orthogonal or quasi-orthogonal multiplexing such as TDM/FDM/CDM/SDM would be further needed.
Observation 3. Extension of UL NOMA can be also considered in order to support massive connectivity and to reduce control channel overhead for mMTC
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Figure 3. Uplink NOMA for contention based transmission

4. Preliminary evaluation of NOMA for eMBB uplink
In this section, the preliminary system-level performance of uplink NOMA is presented for eMBB. The major simulation parameters are shown in Table I, which are well aligned with existing LTE specifications [6], but NOT aligned with the agreed evaluation assumption for multiple access in the last meeting. The locations of the UEs are randomly generated with a uniform distribution within each cell. The same MCS sets are used for both SC-FDMA and NOMA in the simulations. In this simulation, we consider NOMA with and without FFR (fractional frequency reuse) to coordinate the inter-cell interference. In FFR evaluations, sixteen resource blocks are defined as edge bands for each cell, which are non-overlapped among the three neighboring cells, as shown in Fig. 4. Within each cell, 1/3 UEs out of the total UEs are categorized as cell-edge UEs based on their reference signal receiving power (RSRP) from the serving eNB. Both the average UE throughput and cell-edge UE throughput are evaluated, where the cell-edge UE throughput is defined as the 5% value of the cumulative distribution function (CDF) of the UE throughput.
Table I: Simulation assumptions
	Parameter
	Value Range

	Cell layout
	Hexagonal 19-cell sites, 3cells per site, wrap-around

	Inter-site distance
	500 m

	Carrier frequency
	2.0 GHz

	Overall transmission bandwidth
	10 MHz

	Resource block bandwidth
	180 kHz

	Number of resource blocks
	48

	Subband size
	6 PRBs for without FFR; 8 PRBs for with FFR

	Number of UEs per cell
	10, 20, 30, 40, 50

	eNB receive antenna
	Number of antennas
	2

	
	Antenna gain
	14 dBi

	UE transmit
antenna
	Number of antennas
	1

	
	Antenna gain
	0 dBi

	Maximum transmission power
	23 dBm

	Distance dependent path loss
	128.1 + 37.6log10(r), r. kilometers (dB)

	Shadowing standard deviation
	8 dB

	Channel model
	6-ray Typical Urban

	Channel estimation
	Ideal channel estimation

	Receiver noise density
	-174 dBm/Hz

	Noise figure of cell site
	5 dB

	UE speed(doppler frequency)
	3km/h (5.55Hz)

	Scheduling interval
	1 msec

	Averaging interval of throughput
	200 ms

	Traffic model
	Full buffer
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Fig. 4. Fractional frequency reuse scheme and its application to NOMA.
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Fig. 5. Comparison of NOMA and SC-FDMA when FFR is applied.

Fig. 5 compares the UE throughput of SC-FDMA and NOMA with and without FFR when Nmax is set to 3. It can be seen that: 
1) NOMA without FFR provides higher UE throughput than SC-FDMA except for cell edge UE throughput. The gain of NOMA mainly comes from the non-orthogonal multiplexing, which substantially improves the resource utilization efficiency compared with SC-FDMA where only one UE exclusively occupies the radio resource. On the other hand, cell-edge UE throughput is worse for NOMA than that for SC-FDMA due to increased inter-cell interference.

2) FFR improves the NOMA performance since increased inter-cell interference is well coordinated by FFR.

The NOMA with FFR performs better than SC-FDMA in the whole UE throughput region. Therefore, enhanced mechanisms, such as advanced power control or FFR, to deal with the increased inter-cell interference need to be adopted for UL NOMA. The performance gain of NOMA under more practical assumptions should be further studied. Also, since NOMA itself does not resolve the issues regarding the control channel overhead, other techniques to reduce the overhead, e.g., contention-based multiple access, needs to be jointly investigated.
Observation 4. NOMA has the potential to improve the uplink cell throughput compared with SC-FDMA.

Observation 5. FFR (fractional frequency reuse) is one possible way to coordinate inter-cell interference in non-orthogonal multiple access scheme. 
5. Conclusion

In this contribution, we describe our initial views and evaluation results on non-orthogonal multiple access scheme for NR. Our observations and proposal are summarized as follows:

Observation. 1: There are the following motivation for non-orthogonal multiple access scheme:

1. Capacity enhancement for eMBB scenario

2. Overhead reduction to support massive connectivity for mMTC scenario 

3. Efficient resource utilization for URLLC

Observation 2. NOMA can be considered for eMBB DL/UL scenario to improve channel capacity.
Observation 3. Extension of UL NOMA can be also considered in order to support massive connectivity and to reduce control channel overhead for mMTC
Observation 4. NOMA has the potential to improve the uplink cell throughput compared with SC-FDMA.

Observation 5. FFR (fractional frequency reuse) is one possible way to coordinate inter-cell interference in non-orthogonal multiple access scheme. 
Proposal 1. Candidate non-orthogonal multiple access schemes should be categorized according to the targeting scenario or motivation.
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