3GPP TSG RAN WG1 NR Ad Hoc #3	R1-1715576
Nagoya, Japan, 18 – 21, September 2017

Agenda Item:	6.8
Source:	Huawei, HiSilicon
Title:	Discussion on NoMA study for Rel-15 SI
Document for:	Discussion

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution is revised from R1-1713787.
In Rel-14 SI, a lot of valuable observations and agreements towards the non-orthogonal multiple access (NoMA) study and evaluations in different aspects. 
15 candidate MA schemes have been proposed up to RAN1#86 and their common features and the unified frameworks have been identified and captured in TR 38.802 [1]. Given the limited time budget, full comparison between schemes hasn’t been conducted, instead, the gain of NoMA in general have been evaluated and proved by all companies joined the study and also captured in TR38.802 [1]. 
The major agreements and observations in the last two meetings in Rel-14 MA study are listed below, while the agreed evaluation parameters for both LLS and SLS can be find in [1] section 9 and [2][3], the summary of all MA related LLS and SLS assumptions and results in Rel-14.
Agreements in RAN1#84bis [4]:
1. Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases
1. At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

Agreements/Observations  in RAN1#86 [5]:
1. NR should target to support non-orthogonal multiple access in UL at least for mMTC. 

1. The following non-orthogonal multiple access schemes have been reported up to RAN1#86 for at least UL NR MA (listed in the order of proposed time, i.e., increasing tdoc number)
3. Sparse code multiple access (SCMA) (e.g., R1-162153)
3. Multi-user shared access (MUSA) (e.g., R1-162226) 
3. Low code rate spreading (e.g., R1-162385) 
3. Frequency domain spreading (e.g., R1-162385)
3. Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517) 
3. Non-orthogonal multiple access (NOMA) (e.g., R1-163111) 
3. Pattern division multiple access (PDMA) (e.g., R1-163383) 
3. Resource spread multiple access (RSMA) (e.g., R1-163510)
3. Interleave-Grid Multiple Access (IGMA), (e.g., R1-163992)
3. Low density spreading with signature vector extension (LDS-SVE) (e.g., R1-164329)
3. Low code rate and signature based shared access (LSSA), (e.g., R1-164869) 
3. Non-orthogonal coded access (NOCA), (e.g., R1-165019)
3. Interleave Division Multiple Access (IDMA), (e.g., R1-165021)
3. Repetition division multiple access (RDMA), (e.g., R1-167535)
3. Group Orthogonal Coded Access (GOCA), (e.g., R1-167535)

1. For calibration purpose ONLY: 
4. For ML-type receiver, the PHY abstraction method discussed R1-168076 can be used at least for some MA schemes 
0.  If a different PHY abstraction method is used by a company, it has to be stated clearly and individually verified 
4.  Otherwise, the PHY abstraction method is up to each company 
1.  The PHY abstraction method is to be stated and individually verified by each company 
1.  For evaluation purpose, PHY abstraction method is up to each company 
5.  A same method is used for calibration and evaluation by a given company, unless a single method can be agreed in RAN1 during evaluation phase

Agreements/Observations in RAN1 #86bis [6]:
1. Capture the following observations in the TR 
6. All proposed non-orthogonal MA schemes for UL transmission share the following common features: 
0. At the transmitter side: using MA signature(s) 
0. At the receiver side: allowing multi-user detector 
6. All proposed non-orthogonal MA schemes for UL transmission on a high level follow the following basic diagram. Note that the basic diagram is not intended to capture all the details or to be a complete diagram.  
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1. For calibration purpose ONLY, The PHY abstraction method described in slides 5-7 of R1-1610626 can be used for SLS of some MA schemes that use MMSE-SIC/PIC receiver.
7. Companies are encouraged to provide link level simulation results for different combinations of MCS and # of UEs for further verification
1. The physical layer abstraction methods in R1-168076 and slides 5-7 of R1-1610626 can be used for MA system-level evaluation with individual verification by each company
1. The candidate PHY abstraction methods should be referred in TR 38.802 by using the two reference documents (R1-168076 and R1-1610626)

1. Based on LLS results summary 
10. Non-orthogonal MA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation. 
10. Some non-orthogonal MA results combined with narrowband and/or repetition operations can reach -164 dB MCL @160bps data rate, which meets the coverage requirement for NR. 
10. Non-orthogonal MA schemes using an advanced receiver have little or no performance loss due to MA signature (except RS) collision. 

1.  Based on system-level simulation results summary 
11. All simulated non-orthogonal MA schemes with grant-free with advanced receivers provide significant system capacity gain in terms of PAR at given system outage (e.g, 1% target packet drop rate), compared to a respective grant-free reference scheme assumed by each company 
11. Evaluation simulators have been calibrated with agreed simulation assumptions (R1-1609442) 

As agreed in the SID of Rel-15 NoMA SI, these observations on the MA properties, agreements on unified frameworks and simulations assumptions, and conclusions should serve as a starting point for the Rel-15 NoMA SI. Based on such understanding, in this contribution, we further discuss on the scenarios, evaluations, and transceiver frameworks for NoMA study in Rel-15 SI, which play important role to kick off the Rel-15 NoMA study and some common understanding is expected at early stage. 
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Discussion on NoMA application scenarios
In the first NR meeting RAN1#84bis, it is agreed that NoMA should be investigated for diversified NR usage scenarios and use cases. There are motivations and potential benefits of applying NoMA to all the three usage scenarios identified in NR, which are captured in Table 1. 
Table 1 Summary of the motivation and potential benefit of NoMA in different scenarios.
	Usage Scenario 
	Motivation for NoMA in each usage scenario
	Potential benefits of NoMA in each usage scenario
	Target Metrics
(Agreed in R14 SI) 

	eMBB 
	· High spectrum efficiency 
· High user density 
· Uniform user experience
	· Larger capacity region by non-orthogonal user multiplexing 
· Robustness to fading and interference with code-domain design
· Robust link adaptation with relaxed CSI accuracy
	· User experienced throughput
· Overhead 
· Latency

	URLLC 
	· High reliability
· Low latency
· Multiplexing with eMBB traffic
	· Higher reliability through diversity gain achieved by spreading and coding, and robustness to collision by carefully design the MA signature
· Latency reduction and more transmission opportunities by enabling grant-free access 
· Non-orthogonal multiplexing of mixed traffic types 
	· Reliability within given delay bound 
· Capacity in terms of number of satisfied UEs 

	mMTC 
	· Massive connections
· Small packet transmission
· High power efficiency
	· Higher connection density with high overloading
· Reduction of signaling overhead and power consumption by enabling grant-free access 
	· Connection density
· Overhead
· Power consumption
· Link budget 



Moreover, it is also possible to extend NoMA application to unlicensed spectrum and V2X systems where the non-orthogonal nature of NoMA transceiver design can help increase the system efficiency and deal with the interference. The extended scenarios could be evaluated in later Releases.
Discussion on unified NoMA design framework
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Based on the agreement in RAN1 #86bis, all proposed non-orthogonal MA schemes for UL transmission and reception on a high level follow the basic diagram given in Figure 2:
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Figure 1 Unified framework for NoMA transceiver design.
Following this diagram, at the transmitter side, we may have bit-level operations including FEC and bit-level interleaver/scrambler, and symbol-level operations including modulated symbol sequence generation and symbol-to-RE mapping, or a combination of the two. Furthermore, at the receiver side, we have multi-user detector facilitating decoding of the signal received from multiple users. In the sequel, some details and examples of the explained components are provided below. 

Configurable Components at Transmitter Side
Figure 2 shows some examples of the operations at the transmitter side related to each component described in Figure 1.
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Figure 2 Illustration of Configurable components under the unified framework at transmitter side.
As agreed in #86bis [6], the transmitter of all proposed NoMA schemes for UL transmission on a high level follow the basic diagram shown above. FEC and OFDM operation blocks are common for all the NoMA schemes. Therefore, the unique features of any proposed transmitter can be described using the three component blocks: 1) bit-level interleaver/scrambler, 2) modulated symbol sequence generator and 3) symbol to RE mapping. A NoMA design may configure all or a subset of the component blocks for optimizing performance by defining a UE-specific MA signature corresponding to that component block. We believe that by describing a specific NoMA scheme taking the agreed unified framework as the basis provides a common platform for easier understanding of each NoMA scheme, its benefits and the standard impact. In our view, such a discussion will facilitate the progress in the NoMA SI.  

Multi-user Detector at Receiver Side 
As shown in the NoMA LL evaluation results [1], an advanced receiver can result in significant performance improvement compared to the baseline MMSE-IRC receiver for multi-user detection. In our view, advance receivers can harness the potential gain of NoMA while the receiver structure and its parameters provide sufficient flexibility for a good trade-off between the performance and the receiver complexity. Therefore, we propose to study advance receivers and their performances considering the application scenario, tolerable complexity, processing delay etc. Figure 4 shows two fundamental receiver structures that can cover all the receivers that have been proposed during NR study in Rel-14. 
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	a) 
	b) 


Figure 4 Illustration of typical receiver structures for NoMA.

Discussion on NoMA evaluations
In Rel-14 SI, the main focus was on “scheme-wise” evaluation with the goal of showing the benefit of NoMA over the baseline OFDMA. The outcome of such study were the observations captured in [1] that NoMA, in general, can provide significant gain over OMA in terms of link level sum throughput and overloading capability, as well as the agreement on the unified framework presented in the previous section. Now, having this unified framework and its component blocks, the goal of NoMA evaluation in Rel-15 should be to define and understand the benefit and the standard impact of each component block of the agreed framework. 
In order to capture the benefit of NoMA in the aforementioned diversified usage scenarios such as eMBB, URLLC, mMTC, we believe that both link-level and system-level evaluations are necessary. In terms of the evaluation metrics and evaluation parameters, we can take the agreement in Rel-14 as starting point as summarized in [1] section 9. Table 2 and Table 3 gave some thoughts on the evaluation metrics of LLS and SLS, respectively. 

Table 2 LLS evaluation metric for NoMA study.
	Scenarios
	Common LLS Metrics
	Grant-free Specific

	Evaluation with scenario specific target performance (e.g., BLER, latency) and parameters 
· URLLC
· mMTC 
· eMBB 
	BLER v.s. SNR 
· @ the same power per UE & the same total bandwidth shared by all UEs 
· @ different target SE per UE 
· @ different number of UEs 
· @ different channels (e.g., AWGN, TDL-A 30, TDL-C 200) 
Sum achievable rates v.s. SNR/MCL (link budget) 
Realistic channel estimation with DMRS patterns and channel estimation algorithms reported by proponent 
Generation of NoMA signature pool for the corresponding components reported by proponent 
Advance receiver details with complexity and latency analysis reported by proponent 
	Introduce randomness in LLS
· # potential UEs
· # active UEs
Random 1
· # Potential UEs are pre-configured with DMRS and MA signatures
· At each TTI,  # active UEs will transmit with the pre-configured DMRS and MA signatures
Random 2
· # Potential UEs share a pool of DMRS and/or signatures 
· At each TTI, an active UE randomly select one DMRS/signature from the pool



Table 3 SLS evaluation metric for NoMA study.
	Usage Scenarios
	Agreed Metric in Rel-14
	Baseline and some assumptions

	eMBB
	· TRP spectrum efficiency and 5th percentile user spectrum efficiency
· User experienced data rate and area traffic capacity
· Signaling overhead
	· Grant-free and/or grant-based transmission mode
· RRC active or inactive state transmission
· TA within CP

	mMTC
	· Connection density with “connection efficiency” reported
· Latency for infrequent small packets
· Signaling overhead
	· Grant-free transmission mode
· RRC active or inactive state transmission
· TA within CP

	URLLC
	· Reliability for a target latency
· System capacity C(R, L) defined in terms of Y% of UEs in a cell operate with target link reliability R under L latency bound
	· Grant-free transmission mode
· RRC active state transmission
· TA within CP
· May multiplex with eMBB


Conclusion
In this contribution, we reviewed the agreement made in Rel-14 NR SI on NoMA, which give good starting point for the new Rel-15 SI. We also had another look at the motivations and potential benefits of NoMA in different usage scenarios, as well as the unified design framework that may help to coordinate the future study and comparison in a systematic way. 
From the discussion, we have the following proposals towards the coming NoMA SI. 
Proposal 1: For the use cases and evaluations of NoMA in Rel-15 SI
· all 5G use cases including eMBB, URLLC, and mMTC should be studied
· Evaluation metrics, parameters, baselines identified and calibrated in Rel-14 SI should be taken as starting point
· Comprehensive evaluations in both LLS and SLS are needed
Proposal 2: For the transceiver design of NoMA in Rel-15 SI
· Unified design framework with configurable components study should be considered as general methodology 
· Advanced receivers beyond MMSE-IRC should be baseline (FFS which receivers)
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