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1 Introduction
In the study item of NR in Rel-14, it was agreed that:
· NR targets to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.
In the SID of NOMA in Rel-15 [2], NOMA targets not only on mMTC but also URLLC and eMBB (small packet).
· Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. [RAN1, RAN2]
· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
Note: targeting common solution for mMTC, URLLC and eMBB small packet.
Uplink NOMA is a promising technique to satisfy the diverse requirements in 5G.
2 Discussions
The usage scenarios that are suitable for uplink NOMA and the comparison methodology should be further discussed.
2.1 Use scenarios
The use scenarios and corresponding requirements have been discussed in Rel-14 NR SI, where most discussions and evaluations focused on the connectivity capability and coverage for mMTC. Therefore, the discussion of NOMA SI in Rel-15 can start from the use scenario of mMTC.
In URLLC, retransmission is needed once the physical resources of multiple users collide. With the help of NOMA, the signals of multiple users in URLLC can transmit in same physical resources and retransmission is unnecessary as long as the MA signature and physical resources of multiple users do not collide simultaneously. This indicates that the latency is reduced and the efficiency of resource utilization increases. However, the signals of multiple users interfere with each other, which may reduce the reliability for each successful transmission. Therefore, the reliability of NOMA for URLLC should be further studied.
For eMBB, system capacity and user throughput are most important requirements. From this point of view, NOMA is promising for eMBB since the capacity region of NOMA is larger than that of OMA as shown in [3]. For eMBB (small packet), signalling cost is also one of the important KPI, which can be reduced by grant-free NOMA. Therefore, grant-based NOMA and grant-free NOMA should be both studied for use scenario of eMBB.
[bookmark: OLE_LINK5]Observation 1: mMTC, URLLC and eMBB should be considered for uplink NOMA. Further study on each scenario is needed.
2.2 Module-based comparison methodology
To make an efficient discussion and performance comparison for three scenarios, the comparison methodology should be firstly discussed.
2.2.1 Unified structure at the transmitter
[bookmark: OLE_LINK2][bookmark: OLE_LINK4]In the study item of NR in Rel-14, 15 NOMA schemes were proposed, which are listed in Table 1 based on the tdoc number. The features of each NOMA scheme are also highlighted in Table 1. With the help of advanced receivers, signals of multiple users can be detected successfully.
[bookmark: _Ref503290941]Table 1 Existing NOMA schemes ordered by proposed time
	Scheme
	Features
	Reference

	SCMA
	Multi-dimensional constellation, sparse symbol-to-RE mapping pattern
	R1-162155

	RSMA
	Symbol-level scrambler
	[bookmark: OLE_LINK1]R1-162202

	MUSA
	Random complex spreading sequences
	R1-162226

	PDMA
	Symbol-to-RE mapping pattern
	R1-162306

	LCRS
	Low code rate, bit-level interleaver
	R1-162385

	SSMA
	Short spreading sequences
	R1-166552

	NCMA
	Grassmannian spreading sequences
	R1-162517

	NOMA
	Power domain
Orthogonal spreading sequences
	R1-163111
R1-167392

	IGMA
	Bit-level interleaver, symbol-level grid mapping pattern
	R1-163992

	LDS-SVE
	Signature Vector Extension, RB-based sparse mapping pattern
	R1-164329

	LSSA
	Low code rate, user-specific bit-level permutation pattern, group RS pattern
	R1-164869

	NOCA
	LTE defined sequences for uplink RS
	R1-165019

	IDMA
	Low code rate, bit-level interleaver
	R1-165021

	RDMA
	Cyclic-shift Repetition, symbol-level interleaver
	R1-167535

	GOCA
	Orthogonal sequences in one group and non-orthogonal sequences for different groups
	R1-167535


Even though various signatures are employed by different NOMA schemes, the principle of trying to distinguish users at the receiver by different MA signatures is common. Therefore, the transmitter of NOMA schemes can be unified into one common structure. In Rel-14 NR SI, NOMA schemes were summarized by a high-level block diagram, where bit level and symbol level operations are included. Starting from this, a unified structure at the transmitter consisting of five modules is shown in Figure 1. 
· Bit-level interleaver/scrambler: For NOMA schemes with bit-level operations, user-specific bit-level interleaver/scrambler combined with low code rate channel coding is used to help multi-user detection (MUD) at the receiver.
· Bit-to-symbol mapping: This module maps the coded bits into modulated symbols, where no user-specific design is considered. For NOMA schemes except SCMA, conventional modulation schemes, e.g. BPSK and QPSK etc., are used. To further exploit the gain of this module, multi-dimensional modulation with shaping gain is used in SCMA.
· Symbol stream generation: Most NOMA schemes with symbol-level operations provide user-specific designs in this module, such as symbol-level interleaver and/or scrmabler, user-specific spreading sequences and user- or group- specific powers as shown in Table 1.
· Symbol-to-RE mapping: The symbol stream can be mapped into either all the available physical resources (i.e., full mapping) or part of available physical resources (i.e., sparse mapping). Sparse mapping can reduce the collision on each RE at the cost of less transmission resources and user-specific mapping patterns can be designed to facilitate MUD. Full mapping can fully utilize the resources at the cost of more interference.
Each scheme in Table 1 utilizes one or multiple user-specific modules in Figure 1 as its MA signature to help receivers distinguishing multiple users. For example, SCMA utilizes a multi-dimensional constellation and user-specific symbol-to-RE mapping pattern, while PDMA only exploits user-specific symbol-to-RE mapping pattern. User-specific bit-level interleaver is used by IDMA, while both bit-level and symbol-level interleavers are used by IGMA.
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[bookmark: _Ref503291166]Figure 1 Unified structure of NOMA schemes at the transmitter
In addition, NOMA schemes usually assume single-layer structure, i.e., the information bits are processed through the modules in Figure 1. However, for further performance enhancement, the information bits can be divided into multiple streams, where each stream is encoded with lower coding rate and lower modulation order. By incorporating the multiple streams with different signatures, e.g., power, sequences and scrambler etc., the signals of multiple layers can be detected at the receiver successfully. Besides, if the coding rates of multiple layers are different, the multi-layer structure could provide multiple reliabilities, which can increase the robustness and overall throughput in grant-free transmission.
2.2.2 Comparison methodology in Rel-15 SI
In Rel-14 SI, scheme-based performance comparison was employed and the performance of multiple NOMA schemes were obtained independently under different assumptions. This is possible for preliminary study of uplink NOMA. However, the objective of NOMA SI in Rel-15 is to “further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later.”[2]. Further considering the various NOMA schemes, scheme-based performance comparison may be difficult for Rel-15 SI. 
Instead of scheme-based performance comparison in Rel-14 SI, module-based performance comparison should be considered in Rel-15 SI. To investigate the performance gain of NOMA modules, the performance of baseline system without any NOMA schemes should be firstly evaluated. Then, the optimal NOMA scheme can be obtained by exhaustive searching on all the possible combinations of NOMA modules. However, this may be too complicated. To reduce the complexity of evaluation, one of the possible approaches is to add the NOMA modules in Figure 1 into the system successively based on some pre-defined priorities. The performance gain of each NOMA module is evaluated for all use scenarios. The optimal NOMA module and signature can be found, where the comparison metric includes not only the performance gain but also latency and complexity at the transmitter and receiver, etc. Then, with this optimal NOMA module, the left NOMA modules are added into the system successively for performance evaluation and the second optimal NOMA module is found. Based on the same approaches, more NOMA module can be added into the system until no performance gain is obtained.
With the above module-based comparison methodology, the performance gain of each NOMA module and signature can be well studied, which is greatly helpful for the recommendation at the end of Rel-15 SI.
Proposal 1: Module-based comparison methodology should be considered and further discussed in NOMA SI in Rel-15.
3 Conclusion
In this contribution, we discussed the use scenarios, unified structure and comparison methodology for uplink non-orthogonal multiple access in Rel-15. The following observation and proposal are obtained:
Observation 1: mMTC, URLLC and eMBB should be considered for uplink NOMA. Further study on each scenario is needed.
Proposal 1: Module-based comparison methodology should be considered and discussed in NOMA SI in Rel-15.
References
[1] [bookmark: _Ref503187047]3GPP TR 38.802, “Study on New Radio Access Technology Physical Layer Aspects (Release 14)” , June 2017.
[2] [bookmark: _Ref503281466]RP-170829, ZTE, CATT, Intel, Samsung, “New Study Item proposal: Study on Non-orthogonal Multiple Access for NR”, Mar. 2017
[3] [bookmark: _Ref503341930]R1-1610076, NTT DOCOMO INC, “Initial views and evaluation results on non-orthogonal multiple access for NR uplink”, Oct. 2016
- 4/4 -
image1.jpg
Bit-level operations Symbol-level operations

e
__Data str >l FEC Interleaver/ Bit-to-Symbol Symbol stream Symbol-to-RE
ean Encoder Scrambler mapping generation mapping
| I _)]
« Single-layer S ! L
gle-lay ¢ User/Cell-specific | |
+ Multi-layer interleaver/scramblers  Conventional constellation |
|

* Multi-dimensional constellation

* User-specific interleaving/scrambling

* User-specific sequences

* User/Group-specific power
+ UE-specific RE-Sparse mapping
* UE-specific RB-Sparse mapping
+ Full mapping





