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1. Introduction 
During the 3GPP RAN1 #84bis meeting, discussions on multiple access schemes for new radio (NR) access technology were started, and the following agreements and observation were made [1]: 
	Agreements:

· 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
Agreements:

· Link-level simulation (LLS) and system-level simulation (SLS) are used for multiple access evaluation. 

· LLS* is used for feasibility investigation of new MA proposals, comparison of different proposals in typical scenarios

· SLS is used for comparison of proposals, and verification with traffic/scheduling/multi-cell interference dynamics

* LLS includes LLS with optional analytical model. 

Observations:

· Examples non-orthogonal schemes include (but not limited to):

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

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

· Sparse code multiple access (SCMA) (e.g., R1-162153)

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

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

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

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

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


In this contribution, we discuss some aspects to consider when designing and adopting uplink non-orthogonal multiple access (MA) schemes for NR, and provide link-level evaluation results for a low code rate spreading scheme [2], mainly considering grant-free uplink transmission of small data. 
2. Grant-free non-orthogonal multiple access for small data
This section presents some design aspects which need to be considered, in order to make uplink grant-free non-orthogonal MA suitable for supporting massive connections (e.g. up to 1,000,000 devices/km2 [3]) and extremely power-limited devices.

2.1. Receiver complexity for blind detection and decoding
Grant-free non-orthogonal multiple access may be beneficial for supporting massive number of UEs requesting intermittent transmissions of small data packets. On the other hand, a receiver at a transmission and reception point (TRP) needs to detect user activity, i.e. whether a particular user transmits data or not, and may also need to blindly decode received data without information on employed modulation and coding schemes (MCS) in case multiple MCSs are supported. Thus, blind detection/decoding complexity and how the receiver complexity scales with the maximum allowed number of multiplexed users are important factors to determine a suitable grant-free MA scheme. 

Low-density code based multiple access schemes such as sparse code multiple access (SCMA) [3] have a few non-zero elements for a given code length, and accordingly allow overloading in the system. However, to support more number of UEs, an advanced symbol-level detector achieving near-optimal detection such as message passing algorithm (MPA) is needed. Note that the MPA detector complexity increases polynomially with the constellation (or codebook) size and exponentially with the maximum number of users/layers superposed at each dimension of a codeword (or at each chip) [4]. Thus, the overall receiver complexity is expected to be high, if a large number of users being multiplexed on the same resource. 

Other code based multiple access schemes, such as multi-user shared access (MUSA) [6], resource spread multiple access (RSMA) [6], pattern defined multiple access (PDMA) [7], non-orthogonal coded multiple access (NCMA) [8], require demodulation and decoding for all possible codes in case that UE activity detection and decoding are jointly performed. If UE activity is detected first, demodulation and decoding can be performed only for the detected UEs. Similar receiver complexity is also expected for the low code rate spreading scheme.  
In summary, our proposal is provided below:

Proposal 1: RAN1 adopts blind detection/decoding complexity and its scalability with the maximum supportable number of users as one of metrics to down-select grant-free non-orthogonal MA schemes.
2.2. Re-transmission in grant-free non-orthogonal MA
Variation of SINR at the receiver can be significant for UL grant-free non-orthogonal transmission due to the random nature of transmissions, imperfect power control, and interference variation. In such scenario, HARQ can be a very powerful technique to overcome the SINR variation. However, it would not be straightforward how to support HARQ for UL NOMA as the TRP cannot know in advance which UE is going to transmit in a NOMA zone. 
Proposal 2: Re-transmission mechanisms for grant-free non-orthogonal MA need to be studied. 

2.3. Hybrid of OMA and NOMA for eMBB in UL
While grant-free NOMA can be beneficial for small data transmissions in UL, it may not be suitable for large data transmissions due to high complexity. For eMBB, one possible design choice to play to strengths of UL-NOMA and UL-OMA can be a hybrid scheme: 

· A UE is allowed to transmit data in a NOMA zone in a grant-free way. 

· The UE can transmit small data, e.g., TCP ACK, via the assigned NOMA resources.   

· Once the UE has a large packet to transmit, it can send its buffer status via NOMA transmission. 

· Then, eNB can assign OMA resources, e.g., set of exclusive PRBs, to the UE. 

· Then, the UE can transmit large packet via the assigned OMA resources.  

Proposal 3: A hybrid scheme of OMA and NOMA should be studied for eMBB. 
3. Link-level evaluation on low code rate spreading
In this section, we provide link-level performance evaluation results for the low code rate spreading scheme [2], which spreads information bits over an entire non-orthogonal MA region with repetition and rate matching. 
3.1. Evaluation assumptions

Table 1 shows evaluation parameters used for simulation. A single-user receiver, which treats multiple access interference as additive noise, was assumed for evaluation. Information bits are spread over 4 PRB-pairs configured for non-orthogonal MA, and frequency hopping of the configured non-orthogonal MA region is applied across subframes. For multi-user simulations, 2 UEs are multiplexed on 4 PRB-pairs with employing the same TBS, and average SNR for all UEs are set to be equal.   
Table 1 Evaluation parameters – LLS for UL 

	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM 

	Channel coding
	LTE Turbo

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Resources for non-orthogonal MA 
	4 PRB-pairs

	Overhead 
	2 DMRS symbols, no SRS, i.e., 144 available REs per PRB-pair for data transmission

	Target spectral efficiency 
(= required transmission bits per user / total number of resource elements shared for data transmission) 
	TBS: 120 bits, 192 bits, 264 bits 
The number of UEs multiplexed: 1 or 2
Per UE target spectral efficiency: 0.2083, 0.3333, 0.4583

	Modulation and coding scheme
	QPSK, code rate: 0.1250, 0.1875, 0.2500 

	BS antenna configuration 
	4 Rx 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 in TS36.213 

	SNR distribution of multiple UEs 
	Equal average SNR

	Propagation channel & UE velocity 
	EPA, 3km/h 

	Max number of transmission for a given packet
	1

	Reference BLER to calculate sum throughput
	10% for 1 transmission


NOTE: Non-ideal effects (e.g., channel estimation, frequency offset) evaluation FFS.

3.2. Evaluation results
When K users transmit data simultaneously on the same resource and their received SNR are equal, a signal-to-interference and noise ratio (SINR) taking into account intra-cell interference only is given by
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Then, we can calculate an SNR at 10% BLER for the case of K user multiplexing, from single-user BLER performance curves.  That is, the required SNR for 10% BLER with K user multiplexing, 
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where 
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 denotes an SNR at 10% BLER for the case of single-user transmission. 
Figure 1 and Figure 2 present BLER performances for single-user and two-user transmissions, respectively. In Figure 1, SNRs at 10% BLER are -8.3dB, -6.5dB, and -5.1dB for the TBS of 120, 192, and 264 bits, respectively. Figure 2 shows that SNRs at 10% BLER for 2 transmitting UEs are -7.6dB, -5.4dB, and -3.7dB, which well match with analytical results of -7.6dB, -5.3dB, and -3.5dB obtained via equation (2). Figure 3 present sum throughput for different number of multiplexed UEs. The SNR points for 1 or 2 UE transmissions are obtained from simulation results, and the SNR points for 3 or 4 UE transmissions were derived from equation (2).  
Figure 4 shows the relationship between SNR and SINR for varying number of multiplexed UEs, when all users’ signal are received with equal power on the same resource. The achievable SINR is limited to a certain value, which is dependent on the number of multiplexed UEs. Thus, supportable TBS need to be selected by considering the maximum number of multiplexed UEs.   
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Figure 1 BLER performance for single-user transmission
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Figure 2 BLER performance for 2 UE multiplexing
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Figure 3 Sum throughput for 4 PRB-pair transmission
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Figure 4 SNR vs. SINR when all users’ signal are received with equal power on the same resource
4. Conclusion
In this contribution, we provide qualitative analysis on receiver complexity and its scalability with the maximum supportable number of users for the proposed non-orthogonal MA schemes, and discuss potential re-transmission mechanism in grant-free non-orthogonal MA. Furthermore, feasibility of the low code rate spreading scheme is shown via link-level evaluation. In summary, we propose the followings:  
Proposal 1: RAN1 adopts blind detection/decoding complexity and its scalability with the maximum supportable number of users as one of metrics to down-select grant-free non-orthogonal MA schemes.
Proposal 2: Re-transmission mechanism for grant-free non-orthogonal MA needs to be studied. 
Proposal 3: A hybrid scheme of OMA and NOMA should be studied for eMBB.
References
[1] “RAN1 chairman’s notes – RAN1#84bis”.
[2] R1-162385, “Multiple access schemes for new radio interface”, Intel.
[3] 3GPP TR 38.913 V0.2.0 (2016-02), “Study on scenarios and requirements for next generation access technologies (Release 14)”
[4] R1-162155, “Sparse Code Multiple Access (SCMA) for 5G Radio Transmission”, Huawei.
[5] H. Nikopour and H. Baligh, “Sparse code multiple access”, 2013 IEEE 24th International Symposium on Personal, Indoor and Mobile Radio Communications, pp. 332-336, 2013. 
[6] R1-162226, “Discussion on multiple access for new radio interface”, ZTE.
[7] R1-163510, “Candidate NR Multiple Access Schemes”, Qualcomm.
[8] R1-163383, “Candidate Solution for New Multiple Access”, CATT. 

[9] R1-162517, “Considerations on DL/UL multiple access for NR”, LG Electronics.
PAGE  
5/7

_1524601497.unknown

_1524601507.unknown

_1524601544.unknown

_1524590484.unknown

