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Introduction
In RAN1 #92, we have agreed on link level evaluation methodology including evaluation parameters and performance metrics. This contribution provides initial link level results of the proposed NOMA Tx/Rx schemes by following the agreed evaluation assumptions. 
In addition, we discuss evaluation assumptions for system level evaluation which has not been discussed in RAN1#92.
[bookmark: _Ref473567845]Link Level Evaluation
2.1 [bookmark: _Ref506542987]Evaluation assumption
Table 1 illustrates the link level evaluation assumptions agreed in RAN1#92. 
[bookmark: _Ref510653351]Table 1: Link-level evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 700 MHz as optional
	

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

	Channel coding
	URLLC: NR LDPC
 eMBB: NR LDPC 
mMTC: NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	Numerology 
(data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)
Case 2: SCS = 30 kHz, #OS = 4

	SCS = 15 kHz
#OS = 14
	

	Allocated bandwidth
	6 as the starting point
	12 as the starting point
	12 as the starting point
	For high payload such as 75 bytes, larger number of RBs can be considered.

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.
	#bits per RE calculation does not include DMRS overhead (e.g., REs of one every 7 symbols for DMRS would not be used to carry the data)


	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies. 

	Companies are encouraged to perform evaulations with various number of UEs
Note: refined set of numbers of UEs should be further discussed in the next meeting. 

	BS antenna configuration
	2 Rx or 4 Rx for 700MHz,
4Rx or 8 Rx for 4 GHz 
8Rx as optional
	CDL model in 38.901 should be considered for 8Rx

	UE antenna configuration
	1Tx  
	

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

	Max number of HARQ transmission
	1 as starting point. 
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.
	

	Channel estimation
	Ideal channel estimation results should be reported for calibration

Realistic channel estimation
	

	MA signature allocation (for data and DMRS)
	Fixed/Random
	Proponents report the details of  random MA signature allocation (whether without or with collision)

	Distribution of avg. SNR
	Both equal and unequal

	Equal
	Both equal and unequal
	Uniform discrete values for unequal case,, range [x - a, x + a] (dB) with 1 dB step, where x is the average SNR among UEs, and the deviation  [a=3]

	Timing offset
	0 as starting point. For grant-free without perfect TA, value is TBD
	

	Frequency error
	0 as starting point. The value(s) is TBD. 
	

	Traffic model for link level
	Full buffer as starting point. Non-full-buffer model (like Poisson arrival of fixed packet size) is optional.
	

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. AWGN curves can be provided also.

	


Note: for the case when a parameter has a “OR” condition, companies are encouraged to evaluate all the corresponding values
Table 2: Performance metrics from link level point of view.
	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
MCL (Maximum Coupling Loss)

	Implementation related metrics
	PAPR/cubic metric
Rx complexity and processing latency
FFS:  Configuration/Scheduling flexibility



In table 1, it was agreed that non full-buffer model can be simulated as optional. For the potential calibration of the non-full buffer model, it is proposed that FTP model 2 or 3 is used. In addition, for performance comparison between full buffer and non-full buffer, the packet size is the same as the TBS size in Table 1.

Proposal 1:
·  FTP model 2/3 can be used for non full-buffer evaluation
· Packet size is the same as the TBS size used for full buffer evaluation

2.2 Initial Link Level Evaluation Results
In this section, we evaluated our proposed NOMA scheme as introduced in [2]. For the receiver structure and channe, we used the modified SIC scheme as explained in [3]. [3] also provides channel estimation algorithms that were used in this evaluation. Evaluations are based on the assumptions in Table 1 and if there are multiple options for the same parameter, we used the ones in red color in the Table 1.
Performance with Ideal channel estimation (Full buffer)
[bookmark: _Ref510800156]Figure 1: Ideal CE, TDL-A 30ns
	mMTC Use case
	URLLC Use case
	eMBB Use case
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Figure 2: Ideal CE, TDL-C 300ns
	mMTC Use case
	URLLC Use case
	eMBB Use case
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Performance with practical channel estimation (Full buffer)
Figure 3: mMTC, equal SNR, TDL-A 30ns
	SC-FDMA
	OFDM
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Figure 4: mMTC, distributed SNR, TDL-A 30ns
	SC-FDMA
	OFDM
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Figure 5: mMTC, distributed SNR, TDL-C 300ns
	SC-FDMA
	OFDM
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Figure 6: mMTC, equal SNR, TDL-C 300ns
	SC-FDMA
	OFDM
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Figure 7: URLLC, equal SNR
	TDL-A 30 ns
	TDL-C 300ns
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Figure 8: eMBB, TDL-A 30ns
	Equal SNR
	Distributed SNR
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Figure 9: eMBB, TDL-C 300ns
	Equal SNR
	Distributed SNR
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Performance with non-full buffer model
In addition, we provide the results for the non-full buffer evaluation. From non-full buffer evaluation results, we can observe how NOMA scheme is immune to or vulnerable to variations of multi-user interference. In Figure 10, we compared different NOMA schemes for full buffer and non-full buffer. For the traffic model, we used FTP model 2 with inter-arrival time which has Poisson distribution and we looked for the proper Lambda () value for the inter-arrival time which makes average 2/4 number of users. Figure 10 shows the performance gap between full buffer with 2/4 UEs and FTP model with average number of UE = 2/4 respectively. 
For 2 user case, there is not much different between full buffer and traffic model since interference variation is not big and there are not many cases that interference gets high. But for 4 user case, there are still not much difference between full buffer and traffic model for LCRS/MUSA but we see difference for SCMA. It can be observed that the interference from other users does not vary much inside the resource pool for LCRS/MUSA but there are more interference variation for SCMA due to the sparse property of SCMA.
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[bookmark: _Ref510796626]Figure 10: Performance evaluation for full buffer and non-full buffer models

Proposal 2:	
· Capture the evaluation results from Figure 1 to Figure 10 into the NOMA SI TR

System Level Evaluation
In this section we provide initial evaluation assumptions for System level evaluation for NOMA in Table 3, 4 for each use case, which is generally similar to the assumptions in [5].
[bookmark: _Ref506547744]Table 2. System level simulation assumption for eMBB and mMTC
	Parameters
	Dense urban (eMBB)
	Rural (mMTC)

	Layout
	Single layer
Two layers are 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 for grant-based operation

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

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


	Traffic model
	Both FTP Model 3 (see slide below) and periodic packet arrivals 
with packet size 20, 80, 150 bytes. 
TCP is modeled (optional)
	Both FTP Model 3 (see slide below) and periodic packet arrivals 
with packet size 10, 40, 75 bytes 

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



[bookmark: _Ref506566926]Table 3. System level simulation assumption for URLLC
	Parameters
	Urban Macro
	Indoor Hotspot

	Layout
	Single layer
Macro layer: Hexagonal Grid
	Single-layer
Indoor floor: (3,6,12) BSs per 120 m x 50 m

	Inter-BS distance 
	500 m
	Follow TRP placement from 38.802

	Carrier frequency 
	4 GHz
	4 GHz

	Aggregated system bandwidth
	4 GHz: Up to 200 MHz (DL+UL)
	4 GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth
	10 MHz per CC below 6 GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Other bandwidths are not precluded

	Channel model
	36.873 3D Uma
	Below 6 GHz: ITU InH
Note: When 5GCM is found to be applicable to below 6 GHz, 5GCM  should be used

	BS Tx power
	46 dBm per 20 MHz
	24 dBm per 20 MHz

	UE Tx power 
	23 dBm

	BS antenna configurations
	See 38.802, table A.2.1-4.

	BS antenna height 
	25 m
	3 m

	BS AE gain + connector loss
	See 38.802, table A.2.1-4.

	UE antenna configurations
	See 38.802, table A.2.1-4.

	Traffic model
	Both FTP Model 3 (see slide below) and periodic packet arrivals 
with packet size 10, 40, 75 bytes. 

	Traffic load
	Packet arrival to achieve URLLC capacity

	UE distribution
	10, 20 ,30 UE/sector; 
20% Outdoor in cars: 30 km/h; 
80% Indoor:  3 km/h;
	10, 20 UE/floor/TRP
100% Indoor, 3 km/h



Table 5 summarizes the potential evaluation metrics for NOMA SLS.
[bookmark: _Ref506547687]Table 4. Performance metric for NOMA SLS
	User case
	Performance metric

	eMBB
	TRP spectrum efficiency
5th percentile user spectrum efficiency
User experienced data rate area traffic capacity
Signaling overhead

	mMTC
	Connection density with “connection efficiency” reported
Latency for infrequent small packets
Signaling overhead

	URLLC
	Reliability for a target latency



Proposal 3:	
· Table 3-5 are considered for SLS evaluation assumption and performance metric
	
Conclusions
In this contribution, we provide some initial link level evaluation based on LCRS NOMA scheme and discuss the evaluation methodology for SLS. 
Proposal 1:
·  FTP model 2/3 can be used for non full-buffer evaluation
· Packet size is the same as the TBS size used for full buffer evaluation

Proposal 2:	
· Capture the evaluation results from Figure 1 to Figure 10 into the NOMA SI TR

Proposal 3:	
· Table 3-5 are considered for SLS evaluation assumption and performance metric
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