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1
Introduction
NOMA Study Item for New Radio (NR) was recently approved at RAN#75 [1] and revised in [2] at RAN#76. Clear industry interest in NOMA has been shown, given the support of nearly 40 companies. It is expected that NOMA will benefit various use cases and deployments. Four workshops were held in May, June, August and October, respectively. Each of workshops was attended by ~50 people from ~20 companies. About 10 presentations were made each time. 
2
Summary of the workshops
In the first NOMA workshop held in Beijing on 27th May, the following scenarios/cases were discussed:
· For mMTC, design targets have been presented, for example,

· Connection density 

· UE power consumption and signaling overhead reduction

· The coverage extension

· For URLLC, design targets have been presented, for example, 

· Reliability and resource utilization

· Latency reduction

· For eMBB, design targets have been presented, for example, 

· Number of users and capacity enhancements
In the second NOMA workshop held in Qingdao on 25th June, certain common understanding of the time plan of Rel-15 NOMA SI was reached, for instance,
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In the third NOMA workshop held in Prague on 20th August, simulation assumptions and methodologies were discussed. Some key link level simulation parameters would be the starting point, as listed in the table in Appendix.

In the fourth NOMA workshop held in Prague on 8th October, initial simulation results at link level were provided by multiple participating companies, with the assumptions agreed in 3rd NOMA workshop, together with specific simulation parameters and settings. Some companies also provided the most update of their NOMA schemes. Observations and consideration for designs are listed in the Appendix.
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Annex
Table A1: Link-level evaluation assumptions

	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values reported

	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
	

	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, either simulate 1 UE per PRB (FDM for multiple UEs) and increase the MCS (per UE SE) accordingly, or keep the same number of UEs and MCS (resource collision is allowed).

	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 detais 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

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


Note: if 2-step RACH is evaluated, the assumption for TA estimation is that it should be within +/- 5us
Meeting minutes of the fourth NOMA workshop:

Some observations: 
· For evaluation purpose, different requirements between mMTC and URLLC, eMBB small data, for the numbers of users non-orthogonally multiplexed, the target per user spectral efficiency. 

· For mMTC, the number of UEs multiplexed tends to be higher

· For URLLC, the number of UEs multiplexed is FFS

· For eMBB small data, the number of UEs multiplexed is FFS 

· Target per user spectral efficiency can be calculated from spreading, low code rate, modulation order, single/multiple layer, RE mapping 

· NOMA operation may include user grouping, or power adjustment. 

· Receiver implementation has some relationship Tx processing, but not necessarily one-to-one mapping. 

Considerations for designs:

· MA signature design for data transmission should consider trade-off between per UE spectral efficiency, spreading length, channel estimation, the loading, power difference

· Aspect of joint detection and decoding

· Ways to handle potential signature collision for data of different users

· Reference signal design and the handling of potential collision of reference signal sequences 

· Receiver complexity of NOMA (including demod and decoding/channel estimation involved)

· PAPR for coverage extension scenario
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