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Introduction
In RAN1 #84bis, the following agreements have been reached:
· 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.
This contribution discusses specific non-orthogonal multiple access candidate scheme. A companion contribution [1] considers various aspects related to the use of NoMA for NR.
Discussion on Non-orthogonal multiple access schemes
A variety of examples non-orthogonal multiple access schemes (NoMA) including SCMA, PDMA and MUSA etc. were observed in RAN1#84bis. Herein a brief discussion is given on several schemes.
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]The SCMA directly maps the coded bits to the SCMA codeword via the pre-designed codebook, and such codebook is built based on the multi-dimensional constellation and the low density spreading (LDS [2], also referred as sparse spreading). Obviously the multi-dimensional constellation shaping is the only difference between SCMA and LDS. However, it has been proven that the theoretical shaping gain is 1.53 dB relative to uniform distributed QAM constellation in ideal AWGN [3], so probably marginal or even no gain can be achieved in random channel (which seems broadly understood and can be easily observed). It is noted that user multiplexing relies on specially designed codebooks varying with e.g. different number of users and/or modulation order. Therefore specification impact needs to be carefully studied. In addition, even though the message passing algorithm (MPA) can be used for joint multi-user detection taking advantage of sparse spreading, which has lower complexity than optimal ML receiver, but the implementation complexity may still be a concern due to the fact of e.g. exponential operations in MPA. 
Similar to sparse spreading in the SCMA, the PDMA scheme introduces the sparse mapping feature based on code matrix allowing various diversity orders. So equivalent to MPA, BP based iterative detection and decoding (BP-IDD), is used and the implementation complexity also needs careful assessment similar to SCMA detector. It should be noted that PDMA provides those diversity order than that of SCMA at the cost of detection complexity increase. Furthermore, unequal diversity orders for different users (different number of non-zero elements in the signatures) may results in variant RE power difference among UEs, which may be undesirable pain-point in terms of multi-user interference.
Multi-User Shared Access (MUSA) is a sort of code-based NoMA with specially designed non-orthogonal code (spreading) sequences, i.e., low cross-correlated code sequence. However, sparseness is not incorporated, so the design of the code sequences should consider facilitating the multi-user detection instead, otherwise complexity may be a big issue. In addition, MUSA with SIC receiver needs to consider how to handle error propagation problem, in particular when initial transmission is required with larger target BLER than 10% or when large number of users are superposed.
Observation 1: The aforementioned NoMA schemes have potential to accommodate more users with limited resource, which is subject to the availability of well-designed codebooks or code sequences. It may be challenging to provide well-designed code resources for multiplexing large number of UEs in one dimension with a view to future proof.
Observation 2: To bring NoMA supporting large number of UEs into reality, multi-user detection (MUD) with practically feasible complexity MUST be viable, which needs further careful verification.
Hereinafter, an alternative multiple access candidate scheme is introduced that not only can provide more design freedom for user multiplexing but also has special property to reduce MUD complexity targeting for practically feasible implementation. 
An alternative non-orthogonal multiple access candidate 
The alternative NoMA candidate is an interleaver-based MA scheme, named as Interleave-Grid Multiple Access (IGMA). The typical transmitter system structure using IGMA is shown in the following figure.


Figure 1 – The schematic of IGMA transmitter.
Basically, this IGMA scheme could distinguish different users based on:
1. Different bit-level interleavers;
2. Different grid mapping patterns;
3. Different combinations of bit-level interleaver and grid mapping pattern. 
The channel coding process can be either using simple repetition (spreading) of a moderate coding rate FEC or directly using low coding rate FEC. Compared to the need of well-designed codeword or code sequences, the sufficient source of bit-level interleavers and/or grid mapping patterns is able to not only provide enough scalability to support different connection densities, but also provide flexibility to achieve good balance between channel coding gain and benefit from sparse resource mapping. By proper selection, the low correlated bit-level interleavers could be achieved. 
Observation 3: IGMA provides flexibility to choose bit level interleavers and/or grid mapping pattern to separate users. With the abundant source generated by bit-level interleavers and grid mapping patterns, the scalability to support different connection densities could be easily supported.
While in the grid mapping process, sparse mapping based on zero padding and symbol-level interleaving is introduced that could provide another dimension for user multiplexing. Moreover, the densityof the grid mapping pattern is defined as the occupied RE (Resource Element) numbers dividing the total assigned RE numbers, i.e.,. Different densities could be flexibly configured. It should be noted that the symbol sequence order will be randomized after grid mapping process due to symbol-level interleaving, which may further bring benefit in terms of combating frequency selective fading and inter-cell interference, compared to resource mapping using direct code-matrices/codebooks. 
Observation 4: The symbol-level interleaving randomizes the symbol sequence order, which may further bring benefit in terms of combating frequency selective fading and inter-cell interference.
In the receiver side, the low complexity multi-user detector, elementary signal estimator (ESE) taking advantage of the special property of interleaving [4], can be utilized with a simple de-mapping operation on the top. Note that lower density of the grid mapping pattern could further reduce detection complexity of ESE for IGMA. In addition, MAP and MPA detectors are also applicable for IGMA which can improve the detection performance a lot comparing to ESE at the cost of complexity. The complexity of MAP/MPA for IGMA probably can be alleviated when spare grid mapping is used, due to the similar property of LDS. Certainly, careful evaluation is needed to verify practically feasible MUD, which is the key to bring any sort of NoMA supporting large number of UEs into reality. 
Observation 5: The IGMA scheme could apply relatively low-complexity multi-user detector and sparse grid mapping pattern could further reduce detection complexity. 
Hereinafter, we elaborate the processes of IGMA. The user’s data bits firstly goes through channel coding process, the obtained coded bit sequence then is transferred to the bit-level interleaving process. 
Bit-level interleaving process: the coded bit sequence order is randomized based on an assigned interleaver.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]This interleaving operation can be mathematically formulated as a process by permutation matrix. Let’s denote the kth user’s coded bit sequence as  (M is the length of coded bit sequence). According to the assigned interleaver, the corresponding permutation matrix is generated. Thus, the interleaved bit sequence becomes. 
After interleaving process, the interleaved bit sequence applies modulation to obtain the symbol sequence  where N is the length of symbol sequence, which is then transferred to grid mapping process.
Grid mapping process: the sparse symbol-to-RE mapping is performed based on an assigned grid mapping pattern.
An exemplary operation could be mathematically formulated as a process by permutation matrix. According to the symbol-level interleaver associated with the grid mapping pattern  with density  (), the corresponding permutation matrix  could be obtained. Thus, the kth user’s symbol sequence  after zero padding and interleaving can be denoted by  where , and decides the number of zeros padded. The figure-2 shows an example of grid mapping process for N=4, and =0.5. 




Figure 2 – Example of grid mapping process when N=4, =0.5 and L=8.
By doing so, the original data symbols, i.e., are mapped onto a portion of REs of an allocated resource grid. 
In Figure 3 and 4, we provide the simulation results on both BLER performance and sum throughput performance of IGMA, respectively. The simulation setup is referred to Appendix. Based on the initial simulation results, the IGMA scheme with low complexity ESE MUD is observed to be feasible. 
  [image: ]
Figure 3 – IGMA BLER performance vs SNR.
[image: ]
Figure 4 – IGMA sum throughput performance vs SNR at BLER=0.1
[bookmark: _GoBack] [image: ] 
Figure 5 – IGMA sum throughput comparison between Chip-by-Chip MAP detector and ESE detector.
Proposal 1: The interleaver-based multiple access scheme (IGMA) should be evaluated as a candidate multiple access scheme for NR.
Figure 5 shows the sum throughput of IGMA with advanced MUD respectively (i.e., Chip-by-Chip MAP with moderate complexity, which is not as complicated as conventional block-based MAP for spreading based schemes and has similarly moderate complexity as block/codebook based MPA) and it can be seen that performance is significantly improved, compared to low complexity ESE MUD. 
Apparently the performance of NoMA highly relies on the detection algorithm, but implementation complexity of advanced MUD need to be concerned in reality. Hence performance improvement cannot be the only metric to justify NoMA. In addition, for any kind of NoMA scheme, standard efforts to support that also need to be further studied. 
Proposal 2: The proposed NoMA schemes should be evaluated taking into account their performance improvements, impact on receiver complexity, and feasibility of required specification support.
Conclusion
In this contribution, we discussed non-orthogonal multiple access schemes and provided an alternative NoMA scheme which is interleaver-based. The observations and proposal are as follows:
Observation 1: The aforementioned NoMA schemes have potential to accommodate more users with limited resource, which is subject to the availability of well-designed codebooks or code sequences. It may be challenging to provide well-designed code resources for multiplexing large number of UEs in one dimension with a view to future proof.
Observation 2: To bring NoMA supporting large number of UEs into reality, multi-user detection (MUD) with practically feasible complexity MUST be viable, which needs further careful verification.
Observation 3: IGMA provides flexibility to choose bit level interleavers and/or grid mapping pattern to separate users. With the abundant source generated by bit-level interleavers and grid mapping patterns, the scalability to support different connection densities could be easily supported.
Observation 4: The symbol-level interleaving randomizes the symbol sequence order, which may further bring benefit in terms of combating frequency selective fading and inter-cell interference. 
Observation 5: The IGMA scheme could apply relatively low-complexity multi-user detector and sparse grid mapping pattern could further reduce detection complexity.
Proposal 1: the interleaver-based multiple access scheme (IGMA) should be evaluated as a candidate multiple access scheme for NR.
Proposal 2: The proposed NoMA schemes should be evaluated taking into account their performance improvements, impact on receiver complexity, and feasibility of required specification support.
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Appendix – Simulation setup
Table.1. LLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	6RBs (1.08Mhz),  
Note: 4 RBs is just for BLER check

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

	Target spectral efficiency
 & supported UE number
	Per UE SE = TB size/(144*No. of RBs*Mapping density)
ESE detector case:
· TB sizes of 6 RBs (without CRC) :{ 62, 84, 120, 148, 165, 192, 228, 264, 300} (bits);
· Mapping density = 0.5
· Supported UE numbers: {6, 8, 10, 12, 14, 16 } (equivalent overloading factor: {150%, 200%, 250%, 300%, 350%, 400%})
Chip-by-Chip MAP case:
· TB sizes of 6 RBs (without CRC) :{84, 120, 192, 264, 408, 624 } (bits);
· Mapping density = 0.5
· Supported UE numbers: {6, 12} (equivalent overloading factor: {150%, 300%})

	BS antenna configuration 
	2Rx 

	UE antenna configuration 
	1Tx 

	Channel estimation
	Perfect channel estimation

	SNR distribution of Multiple UEs 
	Equal average SNR (short-term variation remains)

	Propagation channel & UE velocity 
	TDL-C with DS{300}ns & 3km/h in TR38.900

	Detection method
	ESE detector (10 iterations),  Chip-by-Chip MAP (3 iterations)

	Given BLER level (to calculate sum throughput) 
	0.1 for 1 transmission
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