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1. Introduction

At the RAN1#85, high-level agreements were reached for the multiple access schemes of eMBB.
Agreements:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB

· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment

In this contribution, we first describe initial consideration on scheduling for orthogonal multiple access. We then provide our views and preliminary evaluation results regarding non-orthogonal multiple access schemes for eMBB scenario. Our thought and evaluation results for grant-free multiple access targeting for mMTC scenario are described in [1]. 
2. Baseline multiple access for eMBB
As agreed at last RAN1 meeting, synchronous/scheduling-based orthogonal multiple access is supported for at least eMBB scenario. In addition, for at least targeting eMBB downlink, OFDMA and flexible HARQ, i.e. asynchronous HARQ, are the baseline multiple access and retransmission mechanism similar to LTE. Also, full flexible scheduling including subband and wideband scheduling should be supported. For frequency selective scheduling, similar resource allocation granularity, e.g. RBG size of 4 PRBs, can be considered. For a wider CC bandwidth at higher carrier frequency, e.g. 200 MHz at 28 GHz, resource allocation granularity is increased by using larger subcarrier spacing as shown in Table 1.

Table  1. Resource allocation granularity for each subcarrier spacing
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granularity

Subcarrier spacing

15kHz 60 kHz 240 kHz

BW for 12 SCs (MHz) 0.18 0.72 2.88

BWfor 48 SCs (MHz) 0.72 2.88 11.52

 
On the other hand, even for lower carrier frequency where a subcarrier spacing of 15kHz is most likely to be used, larger bandwidth than 20 MHz can be considered, e.g wider than 100 MHz is available in unlicensed band below 6 GHz. In order to efficiently support such wider bandwidth using smaller subcarrier spacing, resource allocation granularity beyond that for LTE (i.e., 4 PRBs) should be further investigated. Furthermore, in order to support NR-IoT, efficient mechanism to allow co-existence of multiple resource allocation granularities in the same band as shown in Fig. 1 can be also considered. 
Proposal 1: Resource allocation granularity similar to LTE should be the baseline.
Proposal 2: Efficient subband scheduling allowing co-existence of multiple resource allocation granularities should be supported.
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Figure 1. Co-existence of multiple resource allocation granularities 
3. Non-orthogonal multiple access for eMBB
At the RAN1 #84bis 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.
Generally, NOMA introduces power-domain user multiplexing and exploits more advanced receivers for multi-user signal separation at the receiver side [2-4]. 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. 2. 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. 3 (a). Fig. 3 (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 1. NOMA can be considered for eMBB DL/UL scenario to improve channel capacity.

[image: image3.emf]freq.

Total bandwidth

  

1

Rx power 

density



1

P

Rx power 

density

 

1

2

P

User 1

(cell-interior user)

User 2

(cell-edge user)

Total bandwidth

Rx power density for user 1

Rx power density for user 2

2

P

1

P


(a) Orthogonal access 



(b) NOMA

Figure 2. Comparison of orthogonal multi-le access access and NOMA in uplink
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Figure 3. Uplink NOMA (Non-Orthogonal Multiple Access)
3.1. Preliminary system evaluation 

In this section, the preliminary system-level performance of uplink NOMA is presented for eMBB. The major simulation parameters are shown in Table 2, which are well aligned with existing LTE specifications [5], 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 2: 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
	8 PRBs

	Number of UEs per cell
	10

	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.
Table 3 and Fig. 5 compares the UE throughput of SC-FDMA and NOMA with and without FFR when Nmax is set to 2 and 3, where Nmax means the maximum number of the multiplexed UEs. 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.
Table 3: Performance of SC-FDMA and NOMA w/o and w/ FFR (Nmax = 2, 3)
	SC-FDMA and NOMA w/o FFR

	Throughtput (Mbps)
	SC-FDMA
	NOMA Nmax=2
	Gain
	NOMA Nmax =3
	Gain

	Cell average
	12.1517
	14.7668
	21.52%
	15.236
	25.38%

	Cell-edge
	0.232
	0.2021
	-12.89%
	0.1494
	-35.60%

	SC-FDMA and NOMA w/ FFR

	Throughtput (Mbps)
	SC-FDMA
	NOMA Nmax=2
	Gain
	NOMA Nmax =3
	Gain

	Cell average
	12.8748
	15.9011
	23.51%
	15.789
	22.63%

	Cell-edge
	0.2186
	0.2386
	9.15%
	0.251
	14.82%
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Fig. 5. Comparison of NOMA and SC-FDMA when FFR is applied (Nmax = 3)
Observation 2. NOMA has the potential to improve the uplink cell throughput compared with SC-FDMA.

Observation 3. FFR (fractional frequency reuse) is one possible way to coordinate inter-cell interference in non-orthogonal multiple access scheme. 
4. Conclusion

In this contribution, we describe our views and preliminary evaluation results on non-orthogonal multiple access schemes for eMBB scenario. Our observations and proposal are summarized as follows:
Observation 1. NOMA can be considered for eMBB DL/UL scenario to improve channel capacity.
Observation 2. NOMA has the potential to improve the uplink cell throughput compared with SC-FDMA.

Observation 3. FFR (fractional frequency reuse) is one possible way to coordinate inter-cell interference in non-orthogonal multiple access scheme. 
Proposal 1: Resource allocation granularity similar to LTE should be the baseline.
Proposal 2: Efficient subband scheduling allowing co-existence of multiple resource allocation granularities should be supported.
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