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1. Introduction 

In RAN1 #92 meeting, the following agreements were achieved. 
Agreements:

· Adopt the parameters in the following table for link-level evaluations of NOMA study.
	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

Agreements:

· Adopt the following table as the metrics for NOMA study from link level point of view.

· More metrics may be added in the future
	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 



	Implementation related metrics
	PAPR/cubic metric

Rx complexity and processing latency

FFS:  Configuration/Scheduling flexibility


In this contribution, we share our opinions about link-level performance evaluation. 
2. Further consideration on LLS parameters
As described in the first section，the table for LLS of NOMA has been agreed, and many parameters was fixed. Nevertheless, some more detailed clarification as listed below should be further discussed.

1. Spectral efficiency
Based on last agreement: “OMA single user whose spectral efficiency is the same as per UE SE in NOMA”. How to define SE is unclear, we suggest following the formula:
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· No matter how many occupied REs are actually for OMA or NOMA, no matter the MA signature is sparse or not, 
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 is a constant value, which equals allocated bandwidth, e.g. 
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, all OFDM symbols in one slot should be calculated, and including DMRS overhead whose configurations depend on proponents’ NOMA schemes. Furthermore, there are no other overheads (SRS, PUCCH, and CFI) in the current phase.
Proposal 1: Spectral efficiency following the formula
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2. SNR definition 
In general, we can define SNR as the signal power per RE divided by noise power in OFDM waveform, however, which is not appropriate for LLS of NOMA. Since NOMA users do not always occupy all the REs in allocated bandwidth if introducing sparse MA signature, therefore, keeping the same power consumption with transmitting same TBsize in one slot is a strict premise. Furthermore, we give a more precise definition of SNR, then the curves of BLER vs SNR from every companies can be aligned without shifting left or right.
Firstly, signal power per RE is normalized to 1, and the noise power=
[image: image8.wmf]/10

10

dB

SNR

-

, and
[image: image9.wmf]dB

SNR

 is the abscissa of curve in performance metrics.
Secondly, defining all power consumption per OFDM symbol is 
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as baseline, no matter how many occupied REs are actually for OMA or NOMA.  When transmitting signals, modulation symbols multiply by a factor
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is actually occupied REs for OMA or NOMA.
Proposal 2: For LLS, keeping the same power consumption in one slot with transmitting same TBsize is a strict premise.
3. Set of numbers of UEs 
In some ways, we think that different transmission scheme of NOMA is a combination of adjustable MCS and various spread spectrum coding, the greater the spread factor, the higher the MCS order, when transmitting same TBsize. OMA can also be regarded as one special NOMA, which is a combination of the lower MCS and spread factor fixed to one.
According to the understanding above, single user NOMA is normal, although there are no other multiplex users. Therefore, we prefer comparing MU-MIMO with NOMA, based on same numbers of UEs, where numbers of UEs means multiplex users in same slot; MU-MIMO means traditional superposition coding in LTE, and NOMA means overloading users selecting random MA signatures in lots of slot loop.

Note: users’ resource allocation with FDMA in one slot is not precluded, but resource allocation with TDMA in different slots  is prohibited.
Proposal 3: In order to evaluate fully the technology of NOMA, simulation results of different numbers of UEs should involve the following table, and users’ resource allocation with FDMA in one slot is not precluded, but resource allocation with TDMA in different slots  is prohibited. 
	Set of numbers of UEs  simultaneously in one slot
	Simulation comparing

	 1
	single user with OMA vs. single user with NOMA

	2
	2 users with MU-MIMO vs. 2 users with NOMA

	4
	4 users with MU-MIMO vs. 4 users with NOMA

	8
	8 users with MU-MIMO vs. 8 users with NOMA

	16
	16 users with MU-MIMO vs. 16 users with NOMA

	32
	32 users with MU-MIMO vs. 32 users with NOMA


4. Asynchronous
For grant free scenario, synchronous may not be guaranteed. It does not have effect on single user case, since timing position can be acquired by preamble to ensure that FFT window of OFDM is always located in the CP. However, it brings asynchronous reception for multi-user case, since these users are not completely aligned, e.g. no downlink TA (Timing Adjustments) bearer.  The disadvantage of timing offsets among UEs being certainly beyond CP would have negatively affect the channel estimation, MUD and interference cancellation. 
We think priority of asynchronous should be high, and every companies should as much as possible present NOMA asynchronous performance in their contributions. If the simulations results prove serious performance loss, the “2step-RACH” scheme would be risky, other procedures or supplementary procedures are worthy of further discussion, special receiver algorithms are also worthy of study, for example, MMSE-SIC in time domain rather than in frequency domain. We give several levels table as below for asynchronous degradation. 
Proposal 4: creating levels table for time offset among UEs, and always assuming only one of UEs timing adjustments is ideal as baseline in simulation.
	level
	time offset among UEs  (Ts)

	0
	Ideal:
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5. Power imbalance
Besides asynchronous problem, the concern about power imbalance is non-negligible because of non-ideal power control or no TPC command field bearer. Most NOMA schemes can be seen as one special kind of CDMA, the power imbalance exacerbates interference of strong users from which the weak users suffer unavoidably, in other words near-far effect.
Maybe power imbalance is a double-edged sword, which can benefits detecting strong users firstly and cancelling reconstructed signal successfully, but the residual interference because of imperfect channel estimation of strong users is also non-negligible to weak users. More relevant simulation results from proponents will be significant.
Proposal 5: creating levels table for power offsets among UEs, and assuming only one of UEs power control is ideal as baseline in simulation.
	level
	Power offsets among UEs (dB)

	0
	Ideal:
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6. Metrics
For uplink NOMA, It is well known that the PAPR of UE is a very important index, which would be a good feature for selecting excellent NOMA schemes if they have little difference of performance (BLER or throughput).
Proposal 6:  the curves of PAPR or CM must be provided  together with BLER or throughput.
3. Conclusion
Proposal 1: Spectral efficiency following the formula
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Proposal 2: For LLS, keeping the same power consumption in one slot with transmitting same TBsize is a strict premise.
Proposal 3: In order to evaluate fully the technology of NOMA, simulation results of different numbers of UEs should involve the following table, and users’ resource allocation with FDMA in one slot is not precluded, but resource allocation with TDMA in different slots  is prohibited. 
	Set of numbers of UEs  simultaneously in one slot
	Simulation comparing

	 1
	single user with OMA vs. single user with NOMA

	2
	2 users with MU-MIMO vs. 2 users with NOMA

	4
	4 users with MU-MIMO vs. 4 users with NOMA

	8
	8 users with MU-MIMO vs. 8 users with NOMA

	16
	16 users with MU-MIMO vs. 16 users with NOMA

	32
	32 users with MU-MIMO vs. 32 users with NOMA


Proposal 4: creating levels table for time offset among UEs, and always assuming only one of UEs timing adjustments is ideal as baseline in simulation.

	level
	time offset among UEs  (Ts)

	0
	Ideal:
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Proposal 5: creating levels table for power offsets among UEs, and assuming only one of UEs power control is ideal as baseline in simulation.

	level
	Power offsets among UEs (dB)

	0
	Ideal:
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Proposal 6:  the curves of PAPR or CM must be provided  together with BLER or throughput.
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