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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The basic multiple access scheme for NR is orthogonal for both downlink and uplink data transmissions, e.g., time and frequency physical resources of different users are not overlapped.  On the other hand, non-orthogonal multiple-access schemes recently gained wide interest.

Non-orthogonal transmission can be applied to both grant-based and grant-free transmission. The benefits of non-orthogonal multiple access, particularly when enabling grant-free transmission, may encompass a variety of use cases or deployment scenarios, including eMBB, URLLC, mMTC etc. In RRC_CONNECTED state, it saves the scheduling request procedure assuming UE is already uplink synchronized. In RRC_INACTIVE state, data can be transmitted even without RACH procedure or with 2-step RACH. The saving of the signalling naturally also saves UE’s power consumption, reduces latency and increases system capacity. 
1
Scope

This document is intended to gather all technical outcome of the study item "Study on non-orthogonal multiple access (NOMA) for NR" [1], and draw a conclusion on a way forward.
This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP RP-170829, “New Study Item proposal: Study on non-orthogonal multiple access (NOMA) for NR”
3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

eMBB
enhanced Mobile BroadBand
EPA
Expectation Propagation Algorithm
ESE
Elementary Signal Estimator
MMSE
Minimum-Mean Squared Error

mMTC
massive Machine-Type Communication

MPA
Message-Passing Algorithm

NOMA
Non-Orthogonal Multiple Access

NR
New Radio
SIC
Successive Interference Cancellation
SISO
Soft-Input-Soft-Output decoder

URLLC
Ultra Reliable Low Latency Communication
4
Deployment scenarios
4.1
mMTC scenario
4.2
URLLC scenario
4.3
eMBB scenario
5
Uplink NOMA transmission side processing
Editor’s notes: 
6
Uplink NOMA receivers
Editor’s notes: 
The general block diagram of multi-user receiver for UL data transmissions is depicted in Figure 6.1
· The algorithms for the detector block (for data) can be e.g. MMSE, MF, ESE, MAP, MPA, EPA. 

· The interference cancellation can be hard, soft, or hybrid, and can be implemented in serial, parallel, or hybrid.

· Note: the IC block may consist of an input of the received signal for some types of IC implementations

· The interference cancellation block may or may not be used. 

· Note: if not used, an input of interference estimation to the decoder may be required for some cases.

· The input to interference cancellation may come directly from the Detector for some cases
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Figure 6.1 A high-level block diagram of multi-user receiver.
7
Procedures related to NOMA
Editor’s notes: 
8
Link level performance evaluation
Editor’s notes: 
8.1
Performance and implementation related metrics
Performance metrics are at least:
· BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}

· Sum throughput vs. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}

· MCL

Implementation related metrics are at least:

· PAPR/cubic metric

· RX complexity and processing latency

· FFS: configuration/scheduling flexibility
8.2
Evaluation results
9
System level performance evaluation
Editor’s notes: 
9.1
Performance metrics
The following performance metrics are used for NOMA study from system level point of view.
1) mMTC
Evaluation of NOMA in mMTC scenario should focus on normal coverage.

· The performance metrics for mMTC include the following:

· Higher layer packet drop rate (PDR) vs. offered load. The definition of PDR is FFS:

· Offered load can be at least 

· Higher layer packet arrival rate (PAR) per cell for massive connectivity

· CDF of packet drop rate per UE is optional.
· CDF of transmission latency is optional.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. offered load.
· The baseline for system-level performance comparison is 
· UL transmission with configured grant type 1 or type 2 in Rel.15 NR.

·  Companies to report the link adaptation assumptions, if any.

· The DMRS collision, if any, should be taken into account.
· For the evaluation of NOMA schemes
· UL transmission with configured grant type 1 or type 2 in Rel.15 NR as staring point

·  Companies to report the link adaptation assumptions, if any.

·  The MA signature (including DMRS) is semi-statically configured.

· The MA signature collision, if any, should be taken into account.
· FFS: to demonstrate the potential NOMA gain under grant-free transmission with random selection of MA signatures, where collision of MA signature should be considered.

· The grant-free definition follows NR SI.

2) URLLC
· The performance metrics for URLLC include at least the following:

· Percentage of users satisfying reliability and latency requirements vs. packet arrival rate (PAR).

· CDF of reliability per UE is optional.
· CDF of the inter-cell interference-over-thermal (IOT) is optional.
· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. PAR.
· The baseline for performance comparison is UL transmission without dynamic link adaptation (i.e., using configured grant type 1 or type 2)
· Simplified system-level evaluations can be used for URLLC scenario as detailed as follows:
· Mean BLER of a UE can be used to represent the reliability of the UE. 
· Note: Further considerations can be reviewed, e.g. the deviation of BLER about the mean BLER.
3) eMBB

· The performance metrics for eMBB include the following:

· Metric 1: Higher layer packet drop rate (PDR) vs. offered load. The definition of PDR is FFS:

· Offered load can be at least 

· Higher layer packet arrival rate (PAR) per cell

· CDF of packet drop rate per UE is optional.
· CDF of transmission latency is optional.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. offered load. 

· Metric 2: UPT vs. offered load. 
· CDF of the inter-cell interference-over-thermal (IOT) is optional.
· CDF of UE perceived throughput is optional
· FFS whether or not to have signalling overhead as one performance metric.
· The baseline for system-level performance comparison can be 
· Configured grant type 1 or type 2 in Rel.15 NR.

· The DMRS collision, if any, should be taken into account.
· Companies to report the link adaptation assumptions, if any.

· UL transmission with dynamic grant

· Details to be reported.

· The signalling overhead should be reported.

· For the evaluation of NOMA schemes
· Configured grant type 1 or type 2 in Rel.15 NR.

·  The MA signature (including DMRS) is semi-statically configured.

· The MA signature collision, if any, should be taken into account.
· Companies to report the link adaptation assumptions, if any.

· UL transmission with dynamic grant

· Details to be reported.

· The signalling overhead should be reported.

· FFS: to demonstrate the potential NOMA gain under grant-free transmission with random selection of MA signatures, where collision of MA signature should be considered.
· The grant-free definition follows NR SI.
9.2
Evaluation results
10
Conclusions and Recommendations

10.1
Conclusions
10.2
Recommendations
Annex A: simulation scenarios and assumptions
A.1
Link level simulation assumptions
A.1.1 Simulation assumptions for link level evaluations.

Table A.1-1 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 for 60kHz SCS, and 24 for 30kHz SCS 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.
	For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4

	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 evaluations 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
Reuse the NR design for evaluation purpose for number of DMRS ports <= 12; (Other DMRS designs are not precluded for the NOMA study)
For number of DMRS ports > 12, The DMRS overhead should not be less than NR design for evaluation purpose. (FFS extending DMRS design for the NOMA study)
	

	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]
SNR is defined as the mean received power over the allocated bandwidth per OFDM symbol carrying data, divided by noise power per OFDM symbol within the allocated bandwidth.

	Timing offset
	0 as starting point. 
For grant-free without perfect TA (asynchronous), value is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:

•
Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS

•
Case 2: 2*CP>=y > CP, with detailed value FFS

•
Additional value(s) for y are not precluded

•
Possible down-selection can still be discussed
	

	Frequency error
	0 as starting point. Also evaluate uniform distribution between -70 and 70 Hz for 700MHz carrier frequency, and uniform distribution between [-140] and [140] Hz for 4GHz carrier frequency.
	

	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
A.1.2 Link level evaluation assumptions for calibration purpose
Table A.1-2 LLS assumptions for calibration purpose
	Implementation assumptions
	Values

	LDPC decoding algorithm
(e.g. MaxLogMAP or LogMAP, fully parallel or row parallel)
	Companies to report

	Number of LDPC decoding iteration
	Companies to report (e.g., 50 for flooding, 25 for layered)

	Modulation for 10/20 bytes
	QPSK

	Modulation for 75/150 bytes
	QPSK

	Channel Estimation
	Ideal

	Channel Model
	AWGN, TDL-A with 30ns (3km/h), TDL-C with 300ns (3km/h), no spatial correlation

Initialize channel realization at each slot

	Total number of slots
	1000 for eMBB/mMTC AWGN

10000 for eMBB/mMTC fading channel

[50000] for URLLC AWGN

[100000] for URLLC fading channel

	System bandwidth
	10 MHz


A.2
Link-to-system modelling
· PHY abstraction methods agreed in TR38.802 can be reused as the starting point.
· Note: Further considerations can be reviewed.
A.3
System level simulation assumptions
A.3.1 Simulation assumptions for system level evaluations.
Table A.3-1: System-level evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Layout
	Single layer - Macro layer: Hex. Grid
	

	Inter-BS distance
	1732m 
	200m for 4GHz or 500m for 700MHz
	200m
	

	Carrier frequency
	700MHz
	4GHz or 700MHz
	4GHz
	

	Simulation bandwidth
	6 PRBs as starting point
	12 PRBs
	12 PRBs
	Bandwidth for uplink transmission
FFS whether or not to introduce system bandwidth in SLS

	Number of UEs per cell
	Companies report
	

	Channel model
	UMa in TR 38.901
The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz.

	

	UE Tx power
	Max 23 dBm
	

	BS antenna configurations
	2 Rx or 4 Rx for 700MHz;

2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

dH = dV = 0.5λ;

BS antenna downtilt: companies to report, FFS a single value

4 Rx or 16 Rx for 4GHz;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

16 ports: (M, N, P, Mg, Ng) = (10, 8, 2, 1, 1), 16 TXRU;

dH = 0.5λ, dV = 0.8λ;

BS antenna downtilt: companies to report, FFS a single value
	

	BS antenna height
	25m
	

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

	BS receiver noise figure
	5dB
	

	UE antenna configuration
	1Tx as starting point
	

	UE antenna height
	Follow the modelling of TR 38.901
	

	UE antenna gain
	0dBi as starting point
	

	UE distribution
	For mMTC: 

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

Companies are encouraged to check whether the percentage of UEs whose CL > 144 dB is significant (e.g., 5%) and the CDF of the CL. Further discuss the percentage of outdoor UEs, to be finalized in May meeting.

For URLLC with 4GHz and 200m ISD
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell.
For URLLC with 700MHz and 500m ISD

20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell. Other option(s) not precluded, e.g., 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h).
For eMBB

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

	UE power control
	Open loop PC for mMTC. Companies report the PC mechanisms used for eMBB and URLLC. 
	

	HARQ/repetition
	Companies report (including HARQ mechanisms).
	

	Channel estimation
	Realistic
	

	BS receiver
	Advanced receiver, with baseline scheme is MU-MIMO (e.g., has the capability of spatial differentiation)

Companies to provide analysis of complexity between baseline vs. advanced receivers
	


Note: other values can be considered.

· For SLS in mMTC and eMBB, the packet drop rate (PDR) is defined as (the number of packets in outage) / (the number of packets generated), where a packet is in outage if this packet failed to be successfully decoded by the receiver beyond
·  “packet dropping timer”, or
· The packet dropping timer can be set to 1 second as the starting point.
· “maximum number of HARQ transmission(s)”

· 1 and 8 as starting point

· The HARQ timing is FFS
· For URLLC, the target reliability is 99.999% and the target delay requirement is 1ms (for 60 bytes) and 4ms (for 200bytes) as starting point.
A.3.2 Traffic model for system-level evaluations
· For mMTC scenario
· Packet arrival per UE: Poisson arrival with arrival rate λ;
· Packet size: 20~200 bytes Pareto + higher layer protocol overhead of 29 bytes, as defined in TR 45.820 to be the starting point

· Other packet sizes are not precluded.
· For URLLC scenario:
· Packet arrival per UE can be based on either option 1 or option 2
· Option 1: FTP Model 3 with Poisson arrival;
· Option 2: Periodic packet arrivals.
· Packet size: 
· Single fixed value per simulation: 60 bytes and 200 bytes

· higher layer protocol overhead included
· For eMBB scenario:
· Packet arrival per UE: FTP Model 3 with Poisson arrival
· Packet size:
· [40]~[600] bytes Pareto distribution, with shaping parameter alpha = [1.5] as starting point.
· Further refinement can be further discussed in RAN1#94
A.3.3 System-level assumptions for calibration purpose
For calibration of the CDFs of coupling loss and downlink geometry averaged over two antenna ports, use the assumption in the following Table.
Table A.3-2 System-level assumptions for calibration purpose
	Parameters
	Case 1
	Case 2
	Case 3

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m 
	500m 
	200m

	Carrier frequency
	700MHz
	700MHz
	4GHz

	Channel model
	UMa in TR 38.901

	UE Tx power
	Max 23 dBm

	BS Tx power
	Max 46 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), +-45 Polarization

dH = dV = 0.8λ;

	BS antenna downtilt
	92
	98
	102

	BS antenna height
	25m

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

	BS receiver noise figure
	5dB

	UE antenna configuration
	1

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi

	UE distribution
	Follow the evaluation assumptions

	UE power control
	Open loop PC, P0 = [-90] dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873


Annex B: Change history

	Change history

	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	Old
	New

	2018-02
	RAN#79
	RP-18xxxx
	-
	-
	Draft skeleton TR
	
	0.0.1

	
	
	
	-
	-
	Updated version of draft skeleton TR
	
	


