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Introduction
A Rel-15 study item on NOMA for 5G NR was approved in March 2017 [1] based on initial study in Rel-14 NR SI. Though the SI was put on hold until February 2018 in order to allow more time for NR Rel-15 normative work, offline discussion with e-mails and workshops have been made to push forward the progress of the SI. According to the suggested plan in [2], discussion on evaluation assumptions is the first and most important work to ensure timely completion of the SI. Furthermore, a document Link Level Simulation Parameters for NOMA [3] has been formed collecting views and suggestions from interested companies.
In this contribution, we share our detailed views on evaluation assumptions for NOMA.
Usage scenarios, design targets and evaluation methodology
2.1 Usage scenarios
As suggested in [4], non-orthogonal multiple access (NOMA) can be used in 5G typical scenarios, including mMTC, URLLC and eMBB.
In addition to mMTC, which has already been agreed as one use case scenario for UL NOMA in Rel-14, NOMA can bring potential benefits for URLLC and eMBB small packet transmission as well.
For URLLC, grant-free UL transmission is been standardized in Rel-15 NR. A UE can be configured with dedicated time-frequency resources to guarantee high reliability. However, the spectrum efficiency is low when the traffic is unpredictable. If time-frequency resources are shared by multiple users, which increases the spectrum efficiency, system performance with orthogonal MA is unclear. NOMA can potentially improve the performance in case when multiple UEs simultaneously transmit on the same time-frequency resource.
For eMBB small packet transmission, NOMA can potentially increase sum throughput and reduce latency and overhead combined with grant-free transmission.
Therefore, in Rel-15 SI, NOMA should be evaluated for mMTC, URLLC and eMBB small packet scenarios.
Proposal 1: In Rel-15 NOMA SI, NOMA schemes should be evaluated for mMTC, URLLC and eMBB small packet scenarios.

2.2 Design targets and evaluation methodology
As the requirements for mMTC, URLLC and eMBB are different, different design targets and KPIs should be applied to different usage scenarios. For mMTC, KPIs include connectivity density with “connection efficiency” and coverage. For URLLC, target KPIs are latency, reliability and system capacity with given latency and BLER. For eMBB small data transmission, target KPIs are BLER and system capacity.
In order to evaluate the benefit of NOMA in various usage scenarios such as eMBB, URLLC, mMTC, both link-level and system-level evaluations should be considered. In terms of the evaluation methodology, we can take the agreements in the Rel-14 SI as a starting point as summarized in section 9 of TR38.802 [5]. For mMTC, LLS should focus on realistic channel estimation, collision of NOMA signature, while SLS should focus on realistic modeling of channel estimation error, power control accuracy and collision of NOMA signatures. For URLLC, evaluation methodology from Rel-14 NR SI should also be considered as baseline, where latency and reliability are the important KPIs for URLLC. For eMBB small data, evaluation methodology and appropriate traffic model should be discussed.
Proposal 2: Rel-14 evaluation methodologies and metrics should be used as starting point with different KPIs for different scenarios in Rel-15 SI.
LLS Evaluation Assumptions
As described in above section, the benefits of NOMA should be evaluated in various usage scenarios, including mMTC, URLLC and eMBB, as shown in Table 1. Usually, Orthogonal multiple access (OMA) is taken as a baseline, as shown in Table 2.
Here, some key parameters affecting the evaluations are discussed.
· For channel coding, although LDPC is adopted for NR eMBB, we prefer to keep Turbo as well considering that Turbo was assumed in Rel-14 SI and has been supported by all the interested companies while LDPC has not been calibrated among companies especially in fading channels.
· To have fair comparison of OMA and NOMA, the comparison baseline and the definition of SNR should be set up first.The comparison baseline of OMA and NOMA should be as follows. The number of physical resource blocks (PRBs), the number of UEs, the average total transmit power, the average transmit power per UE, and the transport block size (TBS) are kept the same.
· For definition of average SNR, there are two options, one is: per UE SNR, the other is total SNR (at receiver). Average SNR for NOMA can be defined per RE or per pattern (layer) or defined as total SNR of all UEs or SNR per UE. To simplify simulation, the long-term average SNR of UEs of OMA and NOMA is assumed to be the same, and the average total transmit power and transmit power per UE of OMA and NOMA are kept the same. The SNR is defined as average transmit power per UE over noise power.
Proposal 3: Adopt Table 1 and Table 2 as LLS assumptions for NOMA and OMA calibration, respectively.

Table 1: LLS assumptions for NOMA
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values 

	Carrier Frequency
	2 GHz
	2 GHz
	2 GHz
	

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point
	

	Numerology 
(data part)
	SCS = 15 kHz, #OS = 14
	SCS = 60 kHz
#OS = 7
	SCS = 15 kHz
#OS = 14
	

	Channel Coding
	Turbo
	Turbo
	Turbo
	

	Allocated bandwidth
	4 or 6 RB as baseline, single-tone, 1 RB as optional
	4 or 6 RB as baseline, 12 RB as optional
	4 or 6 RB as baseline, and 12 RB as optional
	The same for non-orthogonal MA and baseline OFDMA

	Target per UE spectral efficiency 
	[0.1-0.5] for normal coverage, [0.01-0.1] for extended coverage
	[0.1-0.5]
	[0.1-0.5]
	The same total spectral efficiency (per UE SE * number of UEs) for non-orthogonal MA and OFDMA baseline.
Company reports the MCS.
Without short-term (per TTI) MCS adaptation.

	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	
To be reported by companies. 
	
To be reported by companies
	
To be reported by companies
	
For OFDMA baseline, FDM for multiple UEs and increase the MCS (per UE SE) accordingly


	BS antenna configuration
	2Rx as baseline
4Rx as optional
	2Rx  as baseline
4Rx as optional
	2Rx  as baseline
4Rx as optional
	

	UE antenna configuration
	1Tx
	

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h
	

	Max number of HARQ transmission
	1 as baseline
	1

	Channel estimation
	Realistic channel estimation, 
Ideal channel estimation results should also be reported 
	

	MA signature allocation (for data)
	Fixed/Random
	Fixed/Random
	Fixed/Random
	Proponents report the details of  random MA signature allocation

	DMRS allocation
	Proponents report the details of DMRS, and whether DMRS is randomly selected by UE or pre-configured by gNB with potential DMRS collision.
	NR Rel-15 DMRS overhead for the baseline OMA

	Timing/frequency offset
	0 as starting point, 
	0 as starting point
	0 as starting point
	Non-zero timing and/or frequency offset to be considered later 

	Distribution of avg. SNR
	Both equal and unequal

	Equal
	Both equal and unequal
	For example, for unequal case, the long term SNR can have [3] values,30% users with x dB, 40% users with y dB, and 30% users with z dB.

For definition of average SNR,both per UE SNR and total SNR can be used and should be reported by each company.

	Receiver algorithm
	Proponents provide details of receiver algorithms
	MMSE-IRC for the baseline OMA



Table 2: LLS assumptions for OMA as a baseline
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	2 GHz
	2 GHz
	2 GHz

	Waveform 
(data part)
	1. CP-OFDM
2. DFT-S-OFDM
	CP-OFDM
	CP-OFDM

	Numerology 
(data part)
	SCS = 15 kHz, 
#OS = 14
Normal CP
	SCS = 60 kHz
#OS = 7
Normal CP
	SCS = 15 kHz
#OS = 14
Normal CP

	Allocated bandwidth
	4 RB, FDM for 4 UEs
	4 RB, FDM for 4 UEs

	4 RB, FDM for 4 UEs

	MCS
	QPSK, Turbo code rate 1/2;
Same for all UEs

	Channel coding
	Turbo 
	Turbo 
	Turbo

	BS antenna configuration
	2Rx
	4Rx
	2Rx

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	1. Ideal Channel Estimation
2. Realistic

	DMRS allocation for Realistic CE
	Follow NR DMRS
	Follow NR DMRS

	Timing/frequency offset
	0 
	0
	0

	Distribution of avg. SNR
	1. Equal 
2. Unequal SNR with ±3dB deviation
	Equal
	Equal

	Receiver algorithm
	MMSE-IRC

	Metric for calibration
	BLER vs. SNR

	Target BLER
	10%
	0.1% for one transmission

	10%



SLS Evaluation Assumptions
Besides LLS evaluations, the benefits of NOMA should also be evaluated at system level. Referring to [6], the suggested evaluation assumptions for NOMA and also an OMA baseline are shown Table 3 to Table 5 in the Annexes.
Since nonlinear detections are introduced in NOMA, the link-to-system mapping model of NOMA should be different from that of OMA, so a novel physical abstraction method should be considered for NOMA. Here we suggest a GO (GIC(Genie-aided Interference Cancellation)-only) method [7]. The proposed GO method only utilizes the GIC receiver as an upper bound with a fitting parameter and does not use the MMSE receiver as the lower bound, which avoids the large SINR fluctuations of the MMSE receiver when the number of resource is smaller than the number of users.
Proposal 4: A GO method is suggested for PDMA link-to-system mapping.
Initial Evaluation Results of PDMA
With above LLS simulation assumptions, PDMA was evaluated and compared with OMA, under the assumption of 4 RB and TDL-A 30ns.

Robustness of PDMA in overloading scenarios
Figure 1 shows the robustness of PDMA is investigated. As shown in Figure 1, the dynamic range of SNR is 1.1 dB @ (SE=0.25) and 2.8 dB @(SE=0.375) among overloading factor of 100%, 200% and 300%. 
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(a) SE = 0.25 bps/Hz per UE                    (b)SE = 0.375 bps/Hz per UE
Figure 1. BLER curves of PDMA with different overloading factor with perfect channel estimation
Observation 1: The performance of PDMA under different overloading factors enables robust grant-free transmission.

Comparison of MPA (BP) and EPA algorithm
Figure 2 shows comparison of MPA (BP) and EPA algorithm [8][9]. Compared with MPA, the performance loss of EPA at 10% BLER is up to 0.1 dB for perfect channel estimation and 0.3 dB for realistic MMSE-based channel estimation, respectively
Observation 2: EPA can achieve lower complexity with little performance loss compared withMPA.
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(a) SE = 0.125 bps/Hz with perfect channel estimation (b) SE = 0.125 bps/Hz with realistic channel estimation
Figure 2: Comparison of MPA (BP) and EPA algorithm

Impact of collision on the performance
Figure 2 shows the impact of collision on the performance. For perfect channel estimation, the performance loss of collision is 0.2 dB for Ideal channel estimation. For realistic MMSE-based channel estimation, the performance loss of collision is within 0.5 dB for ideal channel estimation.

Observation 3: The performance impact of pattern collision is marginal.
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(a) SE = 0.125 bps/Hz with perfect channel estimation       (b) SE = 0.125 bps/Hz with realistic channel estimation
Figure 3: Impact of collision on the performance
[bookmark: _GoBack]Conclusion 
In this contribution, we shared our detail considerations on evaluation assumptions for NOMAin Rel-15 NOMA SI with following proposals.
Proposal 1: In Rel-15 NOMA SI, NOMA schemes should be evaluated for mMTC, URLLC and eMBB small packet scenarios.
Proposal 2: Rel-14 evaluation methodologies and metrics should be used as starting point with different KPIs for different scenarios in Rel-15 SI.
Proposal 3: Adopt Table 1 and Table 2 as LLS assumptions for NOMA and OMA calibration, respectively.
Proposal 4: A GO method is suggested for PDMA link-to-system mapping.
Observation 1: The performance of PDMA under different overloading factors enables robust grant-free transmission.
Observation 2: EPA can achieve lower complexity with little performance loss compared with MPA.
Observation 3: The performance impact of pattern collision is marginal.
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Annex 1: SLS assumptions for NOMA
Table 3: Evaluation assumptions for multiple access schemes targeting eMBB
	Parameters
	Dense urban (eMBB)
	Rural

	Layout
	Signal layer
Two layers not precluded
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m
	1732m

	Carrier frequency 
	4 GHz for the single layer
	700MHz

	BS antenna configuration
	4, 8, 16, 32 TXRUs
	2, 4, 8 ports 

	BS scheduler
	Both subband and wideband scheduler can be considered

	UE antenna configuration
	2, 1 TXUs
2, 4 RXUs
	2Tx, 1Tx port
2Rx, 4Rx ports

	Traffic model
	Full buffer model for spectral efficiency
FTP model 1/3 for user experienced data rate

NOTE: full buffer evaluation is not used for technical scheme down selection

	Traffic load (Resource utilization)
	50%, 80%
25% (optional)

	UE density for full buffer model
	10 UE per TRP
20 or other values are not precluded
	10 UE per TRP
other values are not precluded




Table 4: System level simulation parameters for mMTC
	Attributes 
	Values or assumptions 

	Layout 
	Single layer 
--Macro layer: Hex. Grid 

	Inter-BS distance 
	1732m 

	Carrier frequency 
	700MHz 

	Simulation bandwidth 
	4 PRB

	Channel model 
	3D UMa

	Tx power 
	UE: Max 23dBm

	BS antenna configuration 
	Rx: 2 

	BS antenna pattern 
	Follow the modeling of TR36.873,M=10, N=1,P=2

	BS antenna height 
	25m

	BS antenna tilt 
	12

	BS antenna element gain + connector loss 
	8 dBi, including 3dB cable loss 

	BS receiver noise figure 
	5 dB 

	UE antenna elements 
	1Tx

	UE antenna height 
	Follow the 3D modeling of TR36.873 

	UE antenna gain 
	-4dBi 

	Traffic model 
	Non-full buffer small packet. Packet size=40 bytes including CRC

	UE distribution 
	20% of users are outdoors (3km/h)
80% of users are indoor (3km/h) 
Users dropped uniformly in entire cell

	UL power control 
	Open loop power control 

	Channel estimation
	Ideal, Realistic




Annex 2: SLS assumptions for OMA as a baseline

Table 5: System level simulation parameters for OMA
	Attributes
	Values or assumptions

	Waveform
	CP-OFDM as the UL waveform 

	
	• UL DMRS overhead, 1 OFDM symbol out of 7 OFDM symbols

	Resource allocation
	A UE selects a MA physical resource randomly from a pool of orthogonal MA physical resources 

	
	• There is no partial overlapping between the MA physical resources selected by more than one UE 

	
	• All orthogonal MA physical resources are of same size 

	
	Total allocated bandwidth: 6RB, 4RB (optional)for calibration purpose only,

	
	 •Companies are encouraged to provide calibration results for both values, 

	
	 • Either value can be used for later evaluation of the proposed MA scheme

	
	Bandwidth per user per transmission: 1 RB 

	Receiver
	MMSE-IRC, assuming ideal channel estimation for calibration purpose only

	
	• 2Rx

	
	• No blind decoding assumed 

	MCS
	Same for all UEs,

	
	 • Derived by the bandwidth per user of 1 RB and TB size of 160 bits per transmission

	
	 • QPSK is assumed 

	Power control
	Open loop power control 

	
	• Alpha=1, P0= -90 dBm

	Packet size
	Fixed by 20 bytes

	
	 • TB size with CRC included

	HARQ retransmission
	No. of transmission is 1 (i.e., no repetition or retransmission) 

	Traffic model
	FTP 3 with fixed TB size

	Average no. of users per sector
	20 assuming 3 sectors/cell, total 57 sectors 

	Channel code
	LTE Turbo

	Note: The above assumptions only apply to the calibration purpose, 
i.e. other assumptions can be used for evaluation of proposed non-orthogonal multiple access scheme(s)
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