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3GPP™ Work Item Description
For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
Title: 	Study on Non-orthogonal Multiple Access for NR 
Acronym: NOMA
Unique identifier: 	{A number to be provided by MCC at the plenary} 
NOTE:	For new WIs/SIs leave the Unique identifier empty but you may make a proposal for an Acronym.
	If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI. 
	Please tick (X) the applicable box(es) in the table below:
	Either:
	This WID includes a Core part
	

	This WID includes a Performance part
	


	or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


 
1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	X
	X
	X
	X

	Don't know
	
	
	
	
	



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a … 
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item



NOTE:	Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.
2.2	Parent and child Work Items 
	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	
	
	


NOTE:	RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".

2.3	Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	FS_NR_newRAT
	Study on New Radio Access Technology
	Preceding Rel-14 study item 


NOTE:	Classical examples: List a preceding SI or a preceding WI (e.g. if you further enhance a topic). Also related or dependent WIs in other TSGs should be indicated.

Dependency on non-3GPP (draft) specification: 
3	Justification
Similar to LTE, the basic multiple access scheme for NR is orthogonal for both downlink and uplink data transmissions, meaning that time and frequency physical resources of different users are not overlapped.  On the other hand, non-orthogonal multiple-access schemes recently gained wide interest, prompting Rel-13 Study Item on downlink multi-user superposition transmission (MUST) and some initial study in Rel-14 Study Item on NR. The latter was stopped before completion, to concentrate on more urgent features for Rel-15 NR Work Item.

Many non-orthogonal multiple-access schemes are evaluated in the Rel-14 NR study item. For the evaluated scenarios the results show significant benefit of non-orthogonal multiple access in terms of UL link-level sum throughput and overloading capability, as well as system capacity enhancement in terms of supported packet arrival rate at given system outage. The Rel-14 Study Item further identified that NR should at least target UL non-orthogonal multiple access at least for mMTC. Therefore, study on non-orthogonal multiple access shall continue in Rel-15, with other related use cases such as 2-step RACH.

For non-orthogonal multiple access, there will be interference between transmissions using overlapping resources. As the system load increases, this non-orthogonal characteristic is more pronounced. To combat the interference between non-orthogonal transmissions, transmitter side schemes such as spreading (linear or non-linear, with or without sparseness) and interleaving are normally employed to improve the performance and ease the burden of advanced receivers. 

Generally speaking, 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. Non-orthogonal multiple access can benefit both Uu and side link.

4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
This study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later. 
Note: the inclusion of DL NoMA will be further discussed in RAN#75

Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the following:


1 non-orthogonal multiple transmission scheme
1.1 Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.
· Coded bit level processing including interleaving and/or scrambling, etc.
· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
1.2 Receivers for non-orthogonal multiple access: [RAN1, RAN4] 
· MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers
· The study should consider performance, receiver complexity, etc.
1.3 Procedures related to the non-orthogonal multiple access  [RAN1,RAN2]
· System configuration signalling
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
1.4 Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. [RAN1, RAN2]
· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
· Device power consumption
· Coverage (link budget)
· Latency and signalling overhead 
· BLER reliability, capacity and system load
· Physical abstraction (link-to-system mapping model)
Note: targeting common solution for mMTC, URLLC and eMBB small packet.
2  Two step RACH transmission [RAN2] 
· Use cases of two step RACH in different RRC state
· MAC procedure, e.g. resource selection, contention resolution scheme, reception of Message2, etc.
Note: The inclusion of 2-step RACH will be further discussed in RAN#75.

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.


4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each of them in the attached Excel table.
additional comments to the time budget request in the attached Excel table:


5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}

	Proposed Spec no. or series
	Type (see note 1) 
	Rapporteur(s)
(see note 2)
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	38.8xx

	Internal TR
	Yifei Yuan, ZTE, yifei.yuan@ztetx.com
	RAN#79
	RAN#80
	


Note 1:	Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.
NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	


NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.
6	Work item Rapporteur(s)
Company:	ZTE
Rapporteur: Yifei Yuan
Email:	yifei.yuan@ztetx.com

Company: 	CATT
Rapporteur: Ekpenyong, Anthony
Email: 	ekpenyong@catt.cn

Company:	Intel Corporation
Rapporteur: Debdeep Chatterjee 
Email:	debdeep.chatterjee@intel.com

Company:	Samsung
Rapporteur: Bin Yu
Email:	bin82.yu@samsung.com

7	Work item leadership
Leading working group:
RAN WG1

Secondary working group
RAN WG2

8	Aspects that involve other WGs

NOTE:	For RAN WIDs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.

9	Supporting Individual Members
	Supporting IM name

	Acorn Technologies

	Alcatel-Lucent Shanghai Bell

	ATR

	CATR

	CATT

	China Telecom

	China Unicom

	CMCC

	Cohere Technologies

	Coolpad

	Deutsche Telekom

	Ericsson

	ETRI

	Huawei

	HiSilicon

	Intel

	Interdigital

	ITRI

	Netas

	Nokia

	Nubia Technology Co., Ltd.

	OPPO

	Orange

	Potevio

	Qualcomm Incorporated

	Samsung

	Sharp

	Sierra Wireless

	Spreadtrum

	Sony

	Shanghai Tejet Com Technology

	Telecom Italia

	Telefonica

	vivo

	Xiaomi

	Xinwei

	ZTE

	ZTE Microelectronics




