3GPP TSG RAN WG1 Meeting #84bis			R1-163125
Busan, Korea, 11th - 15th April 2016
Agenda Item:	8.1.4
Source: 	CATR
Title: 	Considerations on multiple access sheme for new radio interface
Document for:	Discussion and Decision
Introduction
A study item of new radio access technology is agreed in RAN1#84bis[1], the study aims to develop an NR access technology to meet a broad ange of use cases including enhanced mobile, broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study.
Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1(target a single techinical framework defined in TR38.913[2])and objective 2(the new RAT shall be inherently forward compatible), with focus on progressing in the following areas:
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
In this contribution, we firstly analyze the application scenarios of waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access schemes based on requirements and challenges of 5G, and then give a general views of several non-orthogonal waveform and multiple access schemes.
Application scenarios of 5G
Mobile Internet and internet of things will become the main driving force for the development of mobile communications towards year 2020 and the future. Compared with previous traditional mobile communication scenarios, 5G need address the challenges of differentiated performance under diverse scenarios, the user experience rate, traffic density, latency, and energy efficiency and number of connections are all likely to become challenge targeting different application scenarios. Four typical technical scenarios of 5G are derived from the main application scenarios, service requirements, and key challenges of mobile internet and IoT. 
IMT for 2020 and beyond [3] is envisaged to expand and support diverse families of usage scenarios and applications that will continue beyond the current IMT. Furthermore, a broad variety of capabilities would be tightly coupled with these intended different usage scenarios and applications for IMT for 2020 and beyond. The families of usage scenarios for IMT for 2020 and beyond include:
-	eMBB (enhanced Mobile Broadband)
-	mMTC (massive Machine Type Communications)
-  URLLC (Ultra-Reliable and Low Latency Communications)
For eMBB, they are indoor hotspot, dense urban, rural, urban macro and high speed. Deployment scenarios for mMTC and URLLC need further study. However, some of eMBB deployment scenarios may possibly be reused to evaluate mMTC and URLLC, or some specific evaluation tests (e.g., link-level simulation) can be developed to check whether the requirements can be achieved.
OFDM based waveform and non orthogonal multple access
In this section, our views of both waveform and new radio access are given. Firstly for waveform, in addition to traditional OFDM and single-carrier waveforms, it is possible to adopt new waveforms based on optimized filtering, such as filter bank multicarrier (FBMC), filtered-OFDM (F-OFDM), and universal filtered multicarrier (UFMC), ect. With very low out-of-band leakage, those waveforms could improve spectrum utilization efficiency, efficiently utilize fragmented spectrum, and coexist with other waveforms. Different waveforms have different out-of-band leakages, overhead, and peak-to-average power ratio (PAPR). Therefore, suitable waveforms may be selected to adapt to the requirements of different scenarios. In some cases, multiple waveforms may coexist.
Observation 1: Suitable waveforms need to be investigated and selected to adapt to the requirements of different 5G scenarios.
Secondly for multiple access, Traditional orthogonal multiple access scheme is challenging when meeting the scenarios and technical requirement mentioned above,so the new radio access needs to be investigated. As a representive of new radio access, the superpostion transmission access could improve the spectral efficiency, improve the capability of UE connection, and reduce the air interface latency recuction, the detailed analysis is shown as following: 
· Seamless wide-area coverage scenario, such as urban macro and rural,ect: Considering the non-orthogonal multiple access could improve the spectrum efficiency efficiently,and also could improve the cell edge user transmission rate, it is applicable to wide-area coverage scenario.
· High-capacity hot-spot scenario, such as indoor hotspot and dense urban: The downlink throughput could be improved by non-orthogonal multiple access,and even higher when combined with MU-MIMO, so it can efficiently satisfty the transmission rate of high-capacit hot-spot scenario.
· Low-latency high-reliability scenario, such as urban grid for connected cars: The main advantages of new radio access is to improve the capability of user access, and for uplink transmission, it could adopt grant free transmission, which could further simplify the process of signalling, and reduce the transmission latency and power consumption. So new radio access has even strong attaction for low-latency high-reliability scenario.
· Low-power massive-connections scenario, such as urban coverage for massive connection:As mentioned above, the new radio access could simplify process of signalling, efficiently reduce the latency of transmision, and furthermore, thanks to the improvement of system efficency and user access capability, lower BLER could be achieved at the same transmission rate, so the reliability of transmission could also be higher.
From above analysis, we can see that to adpat to the5G scnerios, some novel multiple access schemes need to be studied and considered to support more UE connections and improve spectrum efficiency via multi-user superposition transmission, the air interface latency could also be significantly reduced by grant-free contention access. 
As the starting point of new access schemes in 5G new RAT, MUST as a new WID approved by RAN #71 [5] is already on the way. In the future work of new access schemes, new access schemes considering both power domain and code domain need to be considered. Some non-orthogonal multiple access schemes have bee studied in the last few years, including NOMA(non orthogonal multiple access),SCMA(Sparse code division multiple access), PDMA(Pattern division multiple access), and MUSA(Multi-user shared access), ect. NOMA is based on power domain superimposition, the users with large SNR difference are paired, allocating higher transmission power for far user, and lower transmission power for near user, advanced receiver algorithm need to be implemented at the receiver. While SCMA and MUSA are based on code domain superimposition, and PDMA is a joint optimized non orthogonal multiple access scheme among spatial domain, code domain and power domain. 
Observation 2: The new superpostion transmission access, such as NOMA, SCMA, PDMA and MUSA, ect need to be investigated to improve spectral efficiency and capability of user connection, and also to reduce the air interface latency to adpat to different typical 5G scenarios.
Conclusion
In this paper, based on the 5G scenarios and requirements, we analyze the necessity and feasibility of new waveform and new multiple access, and two observations are given below:
Observation 1: Suitable waveforms may be investigated and selected to adapt to the requirements of different 5G scenarios.
Observation 2: The new superpostion transmission access, such as NOMA, SCMA, PDMA and MUSA, ect need to be investigated to improve spectral efficiency and capability of user connection, reduce the air interface latency to adpat to different typical 5G scenarios.
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