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Introduction
In RAN #71, the SID on the 5G new radio interface was approved [1]. The design of 5G new radio interface includes waveform and multiple access schemes. It was agreed in SID that OFDM based waveform will be used for the 5G new radio interface.
In our companion contribution R1-162305 [2], usage scenarios and non-orthogonal multiple access (NOMA) schemes are discussed. NOMA is identified as a promising candidate to meet the requirements in connection numbers and system capacity of 5G. 
In this contribution, we present our considerations on code based non-orthogonal multiple access schemes.

Discussion
Analysis on Performance of NOMA Scheme
According to theoretical results of multi-user channel [3], superposition coding, at a transmitter and SIC at a receiver, are able to achieve capacity boundary of multiple access channels (MAC) or degraded broadcast channels (BC) when transmitter and receiver are working together.
· From Theoretical Perspective–It is rational to use SIC to achieve channel capacity, since the packet error rate tends to be zero with the increased code length as long as a user’s transmission rate is below the channel capacity.
· For Real System–Detection error is inevitable due to various non-ideal conditions, such as, limited code length, channel fading, and glitches, etc.

Error Propagation Problem of SIC and Alleviation Approaches
For SIC receiver, if a user’s packet is detected erroneously, it is very unlikely that the subsequent users’ packet could be detected correctly. This is the so-called error propagation problem. In addition, SIC receiver needs to reconstruct a correct decoded signal for cancellation. The accuracy of the reconstruction impacts on the decoding performance of subsequent users’ decoding. For example, based on distorted channel estimation, the reconstructed signal will also be distorted. Even though the user’s packet is detected correctly, it still has adverse effect on the following users’ detection.
In general, two approaches can be considered to alleviate the error propagation problem.
· Enhance the reliability of those early-decoded users. The diversity order increases with the detection order. The first detected user has the lowest diversity order and the last detected user has the highest diversity order. It is desirable to take unequal transmission diversity so that identical diversity order can be achieved after detection.
· The first detected user has the highest transmission diversity.
· The last detected user has the lowest transmission diversity.
· Adopt advanced detection algorithm at receiver. Advanced detection algorithm, such as maximum likelihood (ML) or maximum a posteriori probability (MAP), incurs tremendous detection complexity and it is hard to implement. The detection complexity could be reduced significantly by sparse coding referring to low density parity check (LDPC) coding, that is, data are only mapped to a small part of the resources in the resource group.
· Sparsity makes it possible to use low complexity belief propagation (BP) algorithm to approach the performance of MAP detection.
· Convergence of BP algorithm could be speed up by unequal transmission diversity.

A Novel Code Based NOMA Scheme
Inspired by above ideas on unequal transmission diversity and sparse coding, a novel code based NOMA scheme can be proposed. The proposed NOMA scheme is based on orthogonal OFDM waveform used in LTE /LTE-A. It can also be extended to other non-orthogonal waveform. The basic unit of resource is Resource Element (RE).
Principle
A code is used to define sparse mapping from data to a group of resources. The code could be represented by a binary vector. The dimension of the vector equals to number of resource in a group. Each element in the vector corresponds to a resource in a resource group. A ‘1’ means that data shall be mapped to the corresponding resource. Actually, the number of ‘1’’s in the code is defined as its transmission diversity order. A code matrix is constructed by all codes sharing on the same resource group.
Assuming six users multiplexing on 4 REs. Figure 1 shows an example of code matrix and related resource mapping. User1’s data are mapped to all four resources in the group, and user2’s data are mapped to the first three resources, etc. The order of transmission diversity of the six users is 4, 3, 2, 2, 1, and 1 respectively.



        
(a) code matrix                                                             (b) resource mapping
Figure 1: 6 users sharing on 4 REs.

Code Matrix
Generally, if N is the size of resource group (row number of code matrix), there are 2N – 1 possible binary vectors for a code matrix. Assuming K is the column number determined based on overload factor, we can thus choose K patterns out from 2N - 1 candidates to construct code matrix. Selection of codes also gives impacts on performance and complexity:
· A good code matrix can reach good trade-off among overload factor, diversity order and detection complexity.
· A code with heavier weight (number of ‘1’ elements in the pattern) provides higher diversity order. More reliable data transmission can be anticipated, and detection complexity is also increased.
· Codes shall have as many different diversity orders as possible to alleviate error propagation problem of SIC receiver or fasten convergence of BP receiver.
· For different diversity order, the selected codes shall minimize the maximum inner product between any two codes.
· For a given diversity order, the selected codes shall minimize the maximum inner product between any two codes.

Performance
This proposed code based NOMA scheme can be applied in typical scenarios of 5G, including eMBB to improve spectrum efficiency and MMTC & URLLC to improve the number of user connections. 
The performance of this code based NOMA scheme is evaluated and also compared with LTE orthogonal system. Simulation assumptions are shown in Table I.
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	Parameters
	Value

	Topology 
	Hexagonal homogeneous network; 19 sites/57sectors

	Number of users per cell
	10,20, or 30

	Carrier
	2GHz

	Bandwidth
	Uplink: 5MHz
Downlink: 10MHz

	ISD
	500m

	Channel model
	ITU UMa [4]

	Power control
	Uplink: open-loop power control, alpha = 1, P0 = -95dBm

	The number of antenna
	Uplink: 1Tx2Rx
Downlink: 2Tx2Rx

	Antenna configuration
	Uplink: User vertical polarization; BS ±45°cross polarization
Downlink: User ±45°cross polarization; BS ±45°cross polarization

	Channel estimation
	Perfect

	Scheduler
	Uplink: Grant-free
Downlink: PF schedule

	MCS
	Uplink: 160 bits @ 1PRB
Downlink: Adaptive (Based on LTE downlink MCS definition)

	Maximum HARQ transmission times
	Uplink: 0
Downlink: 3

	Traffic model
	Uplink: Bursty traffic with small packet
Downlink: Full buffer traffic

	Receiver 
	Linear MMSE receiver for OFDMA, BP based iterative detection and decoding (BP-IDD)  for proposed code based NOMA



Figure 2 shows the uplink grant-free OFDMA and code based NOMA transmissions under traffics with small burst packet and the latency is not more than 1ms. Gain of 500% in terms of the number of supported users under packet drop rate of 1% is observed. The gain comes from two factors. First, code based NOMA provides a larger resource pool than OFDMA does. The collision probability of NOMA is lower than that of OFDMA. Second, the BP-IDD receiver employed by NOMA is more capable of dealing with interference when collision occurs.
Figure 3 shows the downlink code based NOMA transmission under traffics of full buffer, NOMA can get about 30% gain compared with OFDMA in terms of spectrum efficiency at both cell edge and cell average. The gain increases with the user number in a cell the same as with more users it is easier to find suitable users for pairing in NOMA.

 (
Gain of 500%
)
Figure 2: Code based NOMA uplink system performance (Supported packet arrival rate when packet drop rate = 1%).


Figure 3: Code based NOMA downlink system performance.

Conclusion
In this contribution, a code based NOMA scheme is discussed with following characters to alleviate error propagation problem of SIC:
· It takes joint optimization of transmitter and receiver, with unequal transmission diversity order but identical diversity order after detection.
· It uses sparse coding to map user data onto sharing resources.
System level evaluation results show that the proposed NOMA scheme is beneficial in both spectrum efficiency and connection density.
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