
3GPP TSG RAN WG1 Meeting #92bis                                        
                
    R1-1806079
Busan, Korea, May 21st – 25th, 2018
Source:
vivo
Title:
Discussion on NOMA transmitters 
Agenda Item:
7.4.1
Document for:
Discussion and Decision
1. Introduction 

In RAN #75 meeting, a new study item regarding non-orthogonal multiplexing access (NoMA) technique was approved [1]. Regarding the performance evaluation for NOMA, the objectives are shown as follows.
	1 non-orthogonal multiple transmission scheme
1.1 Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:

· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.

· Coded bit level processing including interleaving and/or scrambling, etc.

· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
1.2 Receivers for non-orthogonal multiple access: [RAN1, RAN4] 
· MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers
· The study should consider performance, receiver complexity, etc.
1.3 Procedures related to the non-orthogonal multiple access  [RAN1]

· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation

· Adaptation between orthogonal and non-orthogonal multiple access
1.4 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]

· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
· Device power consumption

· Coverage (link budget)

· Latency and signalling overhead 
· BLER reliability, capacity and system load

· Physical abstraction (link-to-system mapping model)

Note: targeting common solution for mMTC, URLLC and eMBB small packet.


In this contribution, we provide our considerations for design of NOMA from transmitter side.

2. Discussion on NOMA schemes
In NR Rel.14 study phase, there were plenty of NOMA schemes proposed by companies.
· Sparse code multiple access (SCMA) (e.g., R1-162153)

· Multi-user shared access (MUSA) (e.g., R1-162226)

· Low code rate spreading (e.g., R1-162385)

· Frequency domain spreading (e.g., R1-162385)

· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)

· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)

· Pattern division multiple access (PDMA) (e.g., R1-163383)

· Resource spread multiple access (RSMA) (e.g., R1-163510)

· Interleave-Grid Multiple Access (IGMA), (e.g., R1-163992)

· Low density spreading with signature vector extension (LDS-SVE) (e.g., R1-164329)

· Low code rate and signature based shared access (LSSA), (e.g., R1-164869)

· Non-orthogonal coded access (NOCA), (e.g., R1-165019)

· Interleave Division Multiple Access (IDMA), (e.g., R1-165021)

· Repetition division multiple access (RDMA), (e.g., R1-167535)

· Group Orthogonal Coded Access (GOCA), (e.g., R1-167535)

There were extensively discussions on UL NOMA schemes and potential benefits during the NR SI until RAN1 #86bis meeting. From transmitter side, design of UL NOMA is purposed to non-orthogonally multiplex as many UE on the same bandwidth to improve spectrum efficiency, and introduce orthogonality for multiple UEs by a new dimension for UE separation at receiver side. To improve the capacity and to reduce the inter-UE interference is trade-off. Besides, receiver complexity is also needed to be considered for design of transmitter side. 
During NR SI, following agreements were made.
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According to agreements, it can be seen that the operations at transmitter side can be divided into two different categories. One is bit-level operation and the other is symbol-level operation. For a NOMA scheme, either bit-level operation or symbol-level operation, or both can be adopted.
· Bit-level operation

From bit-level perspective, low coding rate and common/dedicated interleaving/scrambling are adopted as MA signature. The bit-level interleaving/scramble is targeting to randomize the inter-UE interference and is used for UE separation. At the receiver side, ESE-PIC is adopted for NOMA schemes with bit-level operation. Compared to the linear receiver, complexity of receiver side is higher.

· Symbol-level operation

From symbol-level perspective, there are different solutions for transmitter design of NOMA.
· Symbol-level spreading with sparse or dense spread sequence/code
· Symbol-level interleaving/scrambling 

For symbol-level spreading, low correlation spreading sequence is adopted as MA signature. Either sparse or dense spreading sequence can be used. If sparse spreading is adopted, the modulated symbols may be mapped onto a set of REs where partial REs may 
not carry any symbol. This is beneficial for receiver side to apply low complexity non-linear receiver. However, it may increase the PAPR. For mMTC, increased PAPR will result in increased power consumption and reduced PA amplifier efficiency. From this aspect, to support low power consumption and better coverage, low PAPR should be taken into account for design of transmitter for NOMA.   
3. Consideration for Transmitter side
For UL NOMA, there are three potential use scenarios, mMTC, eMBB and URLLC. We mainly envision mMTC and eMBB small data scenarios. When UL NOMA is applied for mMTC and eMBB scenarios, it is promising that UL NOMA can improve system capacity and resource utilization. From mMTC and eMBB scenarios, it is also important to improve the power efficiency from UE perspective. Therefore, it is worthy to support transmitting data in inactive or idle mode with asynchronous transmission and application of DFT-s-OFDM waveform. Besides, DMRS design considering MA signature configuration needs to emphasized to reduce the detection complexity at gNB side.

3.1. Asynchronous UL transmission
In the major scenarios that UL NOMA is used, it is highly possible for UE to operate at asynchronous status. For example, in mMTC and eMBB with infrequent small data, tight UL synchronous is hard to maintain. If synchronization was always required before transmitting UL data, there would be larger latency and power consumption for UE. 
Figure 1 shows the BLER performance for NOMA with 4 multiplexed UEs assuming non-zero timing offset among different UEs. The OMA with single UE and timing alignment is also given for reference. The timing offset are modeled according to the table. Details of simulations can refer to our companion contribution [2].
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From the figure, we can see that performance of NOMA with 4 multiplexed UEs without timing alignment with each other degrades significantly. This is because the decoding performance is impacted by the interference from intra-UE. Besides, due to the timing offset, MMSE-SIC in frequency domain cannot work. Therefore, reducing the interference causing timing non-alignment among UEs should be studies. Moreover, it is worthy to investigate how to utilize SIC in time domain.

Proposal 1: Asynchronous UL transmission should be emphasized for NOMA study.
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Figure 1: BLER vs. SNR for OMA (single UE with timing alignment) and NOMA (4 UEs with non-aligned timing), TDL-A
For asynchronous UL transmission, it is important for gNB to detect UL transmission without tight UL synchronization. The method used in initial access procedure can be reused, e.g. UE transmits preamble with predefined/preconfigured formats together with UL data. To support asynchronous UL transmission, UE can be configured with a set of preambles, each of which is associated with a DMRS. In addition to preamble, other MA signatures, such as spreading or scrambling sequences, can be adopted. DMRS and the other MA signature have one-to-one mapping. The preambles are pre-pended before data for gNB to detect the corresponding timing misalignment. Therefore, gNB can identify UEs’ asynchronous UL transmissions by detecting the preambles and the corresponding DMRS/MA signature. 
A set of CP length can be defined and the CP used for UL transmission is determined by network configuration or UE itself. To alleviate the impact of asynchronous UL transmission, longer CP can be used for UEs located in cell-edge area. 
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Figure 2: Example of signal structure for asynchronous UL transmission 
For multiple UEs to be non-orthogonally multiplexing on the same resources, individual preamble and the same CP are adopted. To combat the interference from other UEs, low code rate channel coding and UE-specific scrambling/spreading can be exploited as MA signature. The details of asynchronous transmission are described in our companion contribution [3].
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 Figure 3: Example of structure of transmitter side for NOMA schemes for asynchronous UL transmission
Proposal 2: Preamble is at least adopted as MA signature for UL NOMA in case of asynchronous transmission.
· FFS utilization of other MA signatures, e.g. low code rate channel coding and UE-specific scrambling/spreading.
3.2. Applicable to low PAPR 
Peak-to-average power ratio (PAPR) or cubic metric (CM) are one important issue that needs to be emphasized from UE’s perspective and system’s perspective. This is because high power amplifier efficiency should be ensured at UE side to avoid unnecessary power consumption. From network perspective, data transmission with low CM is essential for coverage limited scenario, e.g. mMTC or eMBB macro cell. In LTE uplink, OFDM with DFT precoding is adopted in order to reduce the PAPR of transmitted signal. As in NR uplink, there is similar requirement. Thus, the usage of NOMA schemes should be friendly to low PAPR transmission as in the figure. 

Proposal 3: UL NOMA transmission schemes should be applicable to low PAPR transmission.

3.3. DMRS design
For transmission signal processing of NOMA, DMRS is critical to UE detection and channel estimation. During Rel-14 NR SI phase, orthogonal DMRS among different UEs are assumed for NOMA study. For Rel-15 grant-free transmission, DMRS is used for UE identification. As for application of NOMA, DMRS can also be adopted for UE detection. Besides, the impacts of DMRS collision and non-orthogonal DMRS need to be considered.

 The DMRS applied for UL NOMA should be robust to collision and applicable to acquire good channel estimation performance. Due to lack of real-time power control mechanism, especially for grant-free UL transmission scenario, power imbalance at gNB receiver side should be considered, i.e. received signal from different UEs may have different received power. If UE detection is based on DMRS with sequence selection, the orthogonality among different DMRS sequences may decrease due to the imbalanced received power. Therefore, DMRS based FDM for UE detection would be more suitable, e.g. comb-like DMRS structure can be considered.

Proposal 4: Comb-based DMRS can be considered for UL NOMA.

4. Conclusion

In this contribution, we provide our considerations for design of NOMA from transmitter side for NOMA study. The proposals are summarized below.
Proposal 1: Asynchronous UL transmission should be emphasized for NOMA study.

Proposal 2: Preamble is at least adopted as MA signature for UL NOMA in case of asynchronous transmission.

· FFS utilization of other MA signatures, e.g. low code rate channel coding and UE-specific scrambling/spreading.

Proposal 3: UL NOMA transmission schemes should be applicable to low PAPR transmission.

Proposal 4: Comb-based DMRS can be considered for UL NOMA.
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