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Discussion and Decision
1
Introduction
In RAN1#84bis meeting, regarding multiple access for NR, it was agreed that:
· 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
RAN1 also agreed the simulation assumptions through email discussion to evaluate the performance of the proposed non-orthogonal multiple access schemes. 
Based on these agreements, we firstly propose design principles for non-orthogonal multiple access for new radio, then propose one non-orthogonal coded access scheme, which is abbreviated as NOCA. The performance of NOCA is evaluated based on RAN1 agreed link level simulation assumptions.
2
Discussion 
In general, the non-orthogonal multiple access can be achieved in either code domain, power domain, spatial domain, or can be achieved jointly in these domains. For code domain non-orthogonal multiple access with spreading, depending on the used spreading factor, the amount of time frequency resources used for transmitting a certain TB would be times of those for non-spreading based scheme. From this point of view, it is less flexible on resource allocation for non-orthogonal multiple access with spreading. For example if the resource allocation is in frequency domain, the frequency consecutive resource allocation might be maintained for UL transmission to achieve low PAPR. The resource allocation can be in time domain, in which case time domain consecutive/non-consecutive resource occupancy is needed. Beside, spreading based scheme might need joint detection of more multiplexed data blocks therefore incurring higher receiver complexity. On the other hand, spreading based scheme could potentially provide plenty of non-orthogonal spreading sequences, therefore can achieve higher overloading and support more connections. Besides, it does not need much prerequisite in terms of scheduling and power control, which is different with e.g., spatial domain non-orthogonal scheme, where efficient user pairing is needed, and also power domain scheme which needs careful power control. Based on these analysis, we proposed to study both spreading and non-spreading based non-orthogonal multiple access schemes. Also in our companion contributions [1] [2], we have related proposals on UL contention based non-orthogonal multiple access for new radio.
Proposal 1: Both spreading and non-spreading based non-orthogonal multiple access shall be considered, targeting for diversified NR usage scenarios and use cases.
For both spreading and non-spreading based non-orthogonal multiple access, at least the following needs to be jointly considered [3]:
· the supported number of connections;

· the receiver complexity;

· the flexibility of resource allocation;
· the PAPR;

· the specification impact.

For spreading based non-orthogonal scheme, generally longer spreading factor can provide more available sequences with better correlation properties. Therefore it might provide more multiplexed UEs over a certain allocated resources with better performance, which is important to support massive connections in NR. However, longer spreading sequence means larger amount of resources for transmitting one certain size TB, therefore introduce less flexibility of resource allocation and possibly higher basestation receiver complexity. We have the following proposal,
Proposal 2: The design of the non-orthogonal multiple access needs to joint consider: the supported number of connections, the receiver complexity, the flexibility of resource allocation, the PAPR impact, the standard impact.
3
Non-orthogonal coded access (NOCA)
In this section we propose one spreading based non-orthogonal multiple access scheme, which is called non-orthogonal coded access (NOCA). Similarly with other spreading based non-orthogonal schemes, the basic idea of NOCA is that the data symbols are spread using non-orthogonal sequences before transmission. The spreading can be applied in frequency domain and/or time domain based on configuration. The basic transmitter structure is shown in Fig.1, where SF denotes the spreading factors and Cj is the spreading sequence of the j-th user. The original modulated data sequence is first converted into P parallel sequences, then each sequence is mapped onto SF subcarriers. The total number of subcarriers is therefore P*SF for transmitting the data stream.  
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Fig.1 NOCA transmitter structure
The sequences used for NOCA shall have good properties like constant modulus thus low cubic metric, good auto-correlation and cross-correlation and low memory and complexity requirements. It might also support multiple spreading factors for flexible adaptation. 

As a starting, the sequences could be LTE defined sequences for UL RS for 1PRB case, which have the spreading factor equal to 12 [4]. Accordingly, the sequences are given by:  
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is given in Table 1 in appendix for each root
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. For spreading factor equal to 12, there are 30 available roots, therefore together with 12 available cyclic shift for each root, the number of available sequences for spreading is 360. Besides, these sequences are QPSK sequences therefore have constant modulus and low CM. The autocorrelation and cross correlation performance are shown in Fig.2 (a) and Fig.2 (b) respectively, where good correlation properties are observed. 
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Fig.2 Auto-correlation property for LTE based sequence for SF=12
Fig.3 shows the BLER performance of NOCA, where equal received power is assumed for the multiplexed UEs. Besides, the UEs are UL synchronized. The performances of joint MMSE with one and two iterations IC in the receiver side are evaluated. It is observed that in the given 10% BLER, if using 1-iteration IC, there is around 0.5dB performance gain for 100% overloading for NOCA compared with OFDMA based scheme. And the performance is similar with OFDMA for 150% overloading. The performance degradation at 200% overloading is slightly larger than 1dB. While if using 2-iteration IC, the NOCA performances are clearly improved. The performance gain is within 1dB for 100% and 150% overloading while the performance loss for 200% overloading is lower than 1dB.
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Fig.3 Link level performance of NOCA with equal received power among multiplexed UEs
Fig. 4 gives the performance where there are power differences in the receiver side among the multiplexed UEs. Here we simply assume that half number of UEs have half received power (i.e., 3dB difference) than the other half. The basestation firstly detects the data channel for UEs with stronger received power, then detects the data channel with lower power after IC. It is observed that using 2-iteration IC, the power loss for 100%, 150% and 200% overloading cases are around 0.2dB, 1dB, 1.8dB respectively. 
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Fig.4 Link level performance of NOCA with unequal received power among multiplexed UEs

It should be noted that more iterations of interference cancellation can achieve better performance but would incur higher receiver complexity. 
Based on these results and analysis, it is observed that 
· NOCA scheme can support more users than OFDMA based access with acceptable performance loss;
· NOCA provides plenty number of sequences, therefore can support higher overloading and facilitate to do inter-cell coordination for interference mitigation;

· NOCA uses LTE defined sequences as a starting design point, therefore has very low standard impact.

Proposal 3: Non-orthogonal coded access (NOCA) using LTE defined low correlation sequences is consider as a spreading based non-orthogonal multiple access.  

4
Conclusion
We have the following proposals on multiple access design for NR:
Proposal 1: Both spreading and non-spreading based non-orthogonal multiple access shall be considered, targeting for diversified NR usage scenarios and use cases.
Proposal 2: The design of the non-orthogonal multiple access needs to joint consider: the supported number of connections, the receiver complexity, the flexibility of resource allocation, the PAPR impact, the standard impact.
Proposal 3: Non-orthogonal coded access (NOCA) using LTE defined low correlation sequences is taken as the baseline for spreading based non-orthogonal multiple access.  
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Appendix
Table 1: Definition of 
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Simulation assumptions
	Parameters
	Values or assumptions

	Carrier Frequency
	2GHz

	Waveform
	OFDM

	Channel coding
	Turbo

	System bandwidth
	10MHz

	Allocated PRB Number
	12

	Bandwidth Per PRB
	15 kHz * 12 = 180 kHz

	TTI
	1ms

	Overhead
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission

	MCS
	QPSK,1/2

	BS antenna configuration
	2Rx

	UE antenna configuration
	1Tx

	SNR distribution
	Equal/unequal SNR;

	Propagation Model and UE velocity
	ETU, 3km/h

	Max number of HARQ transmission
	1

	Overloading factor
	100%, 150%, 200%

	Spreading sequence selection
	random

	Channel estimation
	ideal

	Receiver
	joint MMSE+IC
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