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1. Introduction

At the last RAN plenary meeting, the new study item for new radio access technology was approved [1]. In this study, the following usage scenarios are identified:

· Enhanced mobile broadband (eMBB)
· Massive machine-type-communications (mMTC)
· Ultra reliable and low latency communications (URLLC)
In this contribution, we describe our initial views and preliminary evaluation results on non-orthogonal multiple access schemes for NR uplink. Our overviews for each usage scenarios are summarized in [2-3].
2. Motivation for non-orthogonal multiple access scheme

In the current LTE uplink, SC-FDMA is applied as a multiple access scheme. The motivations to adopt this scheme lie in two aspects; (i) maintaining low PAPR to reduce battery consumption and the cost of power amplifier at the UE side, (ii) achieving high spectrum efficiency due to the user scheduling in frequency/time domain and intra-cell orthogonalization, i.e., each frequency and time resource is assigned to only one user in a cell. For the NR access technology, enhancement of uplink multiple access scheme should be studied while retaining the above good design features in LTE.
For mMTC scenario, since the network is expected to accommodate a massive number of MTC (or IoT) devices with sparse short message, the multiple access scheme like current LTE uplink would not be suitable. For example, the above controllability of uplink resource would cause a serious increase in signaling overhead when considering massive connection of mMTC devices. For eMBB and URLLC, improvement of uplink spectrum efficiency is required by enhancing the UL multiple access schemes. Hence, it would be necessary to design the new multiple access scheme taking into account the following aspects at least. 
1. Higher uplink capacity
Unlikely current LTE uplink, intra-cell orthogonalization might not be sufficient to support massive connectivity, and it would be needed to consider non-orthogonal multiple access scheme to boost the network capacity. When considering the non-orthogonal multiple access, however, not only inter-user interference but also inter-cell interference would increase compared to orthogonal multiple access since multiple UEs or MTC devices utilize the same resources in the serving and neighboring cells. Hence, it is necessary to consider the coordination for both intra-user and inter-cell interference signals.
2. Lower signaling overhead

As mentioned above, a controllability of uplink resource by eNB would cause a serious signaling overhead specifically in mMTC scenario. One possible way to reduce the signaling overhead is to consider less UL grant, i.e., contention based transmission and non-orthogonal multiple access. 

3. Higher spectrum efficiency

For all the usage cases, the uplink spectrum efficiency should be enhanced in the NR access technology to satisfy the future various traffic trends. For this purpose, it is worth to study non-orthogonal multiple access scheme regardless of usage cases.
Observation 1. Lower PAPR would be beneficial to achieve better battery consumption and lower cost similar to LTE uplink.
Observation 2. It would be needed to consider non-orthogonal multiple access scheme to boost the network capacity since intra-cell orthogonalization like current LTE uplink might not be sufficient to support massive connectivity and achieve higher spectrum efficiency.

Observation 3. Contention based transmission and non-orthogonal multiple access would be a candidate to reduce signaling overhead.

3. Novel non-orthogonal multiple access scheme
3.1. NOMA (Non-Orthogonal Multiple Access)
NOMA introduces power-domain user multiplexing and exploits more advanced receivers for multi-user signal separation at the receiver side [4-5]. In NOMA, mutual interference is intentionally introduced among users when sharing the radio resources either in time/frequency/code domains. User de-multiplexing is obtained by creating a large difference in power between paired users 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. NOMA can not only improve resource utilization efficiency but also have lower PAPR performance if single carrier property is kept. 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. 
The challenges for the interface design of uplink NOMA are scheduling design and power control. For scheduling design, in order to achieve low PAPR, consecutive resource allocation for each UE is required in SC-FDMA. When NOMA is applied, such a constraint of SC-FDMA requires new designs for scheduling algorithms. For power control, in uplink, the transmission power optimization is constrained by maximum transmission power of each individual UE. Furthermore, when NOMA is applied in uplink, the inter-cell interference (ICI) increases because multiple UEs are allowed for transmission simultaneously. Therefore, the design of uplink power control needs to control the transmission power of UEs to avoid causing severe ICI to neighbouring cells. 
3.2. Low Density Spreading (LDS) / Sparse code multiple access (SCMA)
Low Density Spreading (LDS) utilizes sparse spreading sequences for modulation symbols. The sparse spreading sequence in LDS includes small number of non-zero elements, which is much less than the total spreading factor number. It results in low inter-sequence interference between different sequences. For multi-user de-multiplexing, message passing algorithm (MPA) can be used for LDS. 
Similar to LDS, SCMA is a non-orthogonal multiple access scheme using sparse spreading sequences with sparse non-zero elements to multiplexing users [6]. The key idea of SCMA is to utilize sparse codebooks to multiplex users in multiple layers. For each layer, a codebook consisting of multiple codewords is predefined and the coded bits are directly mapped to the codewords selected from the codebooks. The codewords of different layers are overlaid in code and power domains and carried over shared time-frequency resources. With multi-dimensional constellation, shaping and coding gain can be achieved.
LDS and SCMA can improve the link performance between eMB and MTC device, but those schemes have some disadvantages over other schemes. First, PAPR performance would be similar to the OFDMA like LTE downlink, e.g. [7]. Second, the complexity of detection is high for the existing system. Thus, algorithms with lower complexity are required, and the tradeoff between complexity and performance should also be considered in the system design. Finally, the layer multiplexing in SCMA provides new degree-of-freedom for user scheduling. The algorithms for user grouping and power allocation need to be optimized. 
3.3. Pattern division Multiple Access (PDMA)
Pattern Division Multiple Access (PDMA) relies on uniquely designed multi-user diversity pattern matrices to realize non-orthogonal transmissions in the domains such as power, time, frequency, space and code [8]. At transmitter side, the users are assigned with different non-orthogonal patterns (in power, time, frequency, space and code domain) and at the receiver side, sub-optimal multiuser detection by General SIC (General Successive Interference Cancellation) is utilized to separate the superposed signals based on different patterns of the users. PDMA tries to jointly utilize and optimize signal superposition in multiple domains in order to achieve better performance while facing several challenges, such as good pattern design in multiple domains, high performance but lower complexity receiver. However, there would be a risk that PAPR may increase depending on a diversity pattern.
3.4. Multi-User Shared Access (MUSA)
Multi-user Shared Access (MUSA) exploits code main to non-orthogonally multiplex multiple users [9]. In MUSA, a spread sequence is applied to each user’s modulated data symbols, where the spread sequence needs to be low cross-correlation. Multiple spreading sequences constitute a pool from which each user can randomly pick one. The spread symbols of multiplexed users are transmitted on the same resources. At receiver side, data from different users can be de-multiplexed by SIC processing. 
The design of spreading sequence is crucial to MUSA since it determines the interference between different users and system performance. Since long spreading sequences is less efficient for MUSA using SIC, short spread sequence with relatively low cross-correlation could be considered for MUSA. Moreover, impact on the complexity of SIC implementation also needs to be considered when designing the spreading sequence.
3.5. Resource Spread Multiple Access (RSMA)
Resource Spread Multiple Access (RSMA) spreads the users’ signals over all the available time and frequency resources by assigning unique signatures to the users [10]. The unique signatures can be power, spreading/scrambling codes, interleaver or their combinations. Similar to other non-orthogonal access schemes above, interference-cancellation type receivers are utilized to separate the supposed signals. 

4. Preliminary evaluation results for UL NOMA 

In this section, the preliminary system-level performance of uplink NOMA is presented. The major simulation parameters are shown in Table I, which are well aligned with existing LTE specifications [11]. 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. 1. 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. 1. Fractional frequency reuse scheme and its application to NOMA.
[image: image2.emf]10 20 30 40 50

11

12

13

14

15

16

17

18

Number of UEs per cell

Overall cell throughput (Mbps)

 

 

SC-FDMA

NOMA


Fig. 2. Comparison of cell throughput of SC-FDMA and NOMA without FFR.
Figure 2 presents the overall cell throughput of SC-FDMA and NOMA without FFR. The subband number is set to 8 and the maximum multiplexing order, Nmax, for NOMA is set to 2. It can be seen that cell throughput of SC-FDMA is almost saturated when the number of UEs is larger than 10. However, cell throughput of NOMA still increases as number of UEs per cell becomes larger. When the number of UEs per cell is larger than 40, cell throughput of NOMA reaches saturation and NOMA achieves about 28% cell throughput gain compared with SC-FDMA. The performance gain of NOMA under more practical assumptions should be further studied. The enhanced scheme, e.g., advanced transmission power control algorithms, can be considered. The large 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, although 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.
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(a) Overall cell throughput

(b) Cell-edge throughput
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Fig. 3. Comparison of NOMA and SC-FDMA when FFR is applied.

Figures 3 (a) and (b) show the performance of NOMA when FFR is applied. The maximum multiplexing order is set to 2. It can be seen that by applying FFR, the cell throughput and cell-edge throughput of NOMA improve due to the reduction in the inter-cell interference for both the cell center UEs and cell-edge UEs. Fig. 3 (c) 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) The cell-edge throughput of NOMA becomes better than SC-FDMA when FFR is applied. 2) NOMA with FFR improves not only cell-edge throughput gain but also overall cell throughput gain. 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.

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 mMTC uplink. Our observations are summarized as follows:

Observation 1. Lower PAPR would be beneficial to achieve better battery consumption and lower cost similar to LTE uplink.
Observation 2. It would be needed to consider non-orthogonal multiple access scheme to boost the network capacity since intra-cell orthogonalization like current LTE uplink might not be sufficient to support massive connectivity and achieve higher spectrum efficiency.

Observation 3. Contention based transmission and non-orthogonal multiple access would be a candidate to reduce signaling overhead.

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. 
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