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9.1
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
Acronym:

Unique identifier:

NOTE:
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:

	This WID includes a Core part
	

	This WID includes a Performance part
	


1
3GPP Work Area

	X
	Radio Access

	
	Core Network

	
	Services


2
Classification of WI and linked work items
2.0
Primary classification
This work item is a …

	X
	Study Item (go to 2.1)

	
	Feature (go to 2.2)

	
	Building Block (go to 2.3)

	
	Work Task (go to 2.4)


NOTE:
Core, Performance and Testing parts of RAN WIs are usually Building Blocks.
If you are in doubt, please contact MCC.
2.1
Study Item

	Related Work Item(s) (if any]

	Unique ID
	Title
	Nature of relationship

	710062
	Study on New Radio Access Technology
	Rel-14 SI


Go to §3.

2.2
Feature
	Related Study Item or Feature (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	


Go to §3.

2.3
Building Block

	Parent Feature (or Study Item)

	Unique ID
	Title
	TS

	
	
	


This work item is … 
	
	Stage 1 (go to 2.3.1)

	
	Stage 2 (go to 2.3.2)

	
	Stage 3 (go to 2.3.3)

	
	Test spec (go to 2.3.4)

	
	Other (go to 2.3.5)


2.3.1
Stage 1

	Source of external requirements (if any)

	Organization
	Document
	Remarks

	
	
	


Go to §3.

2.3.2
Stage 2
	Corresponding stage 1 work item

	Unique ID
	Title
	TS

	
	
	


	Other source of stage 1 information

	TS or CR(s)
	Clause
	Remarks

	
	
	



If no identified source of stage 1 information, justify: 
Go to §3.

2.3.3
Stage 3
	Corresponding stage 2 work item (if any)

	Unique ID
	Title
	TS

	
	
	


	Else, corresponding stage 1 work item

	Unique ID
	Title
	TS

	
	
	


	Other justification

	TS or CR(s) or external document
	Clause
	Remarks

	
	
	



If no identified source of stage 2 information, justify: 

Go to §3.

2.3.4
Test spec

	Related Work Item(s)

	Unique ID
	Title
	TS

	
	
	


Go to §3.

2.3.5
Other
	Related Work Item(s)

	Unique ID
	Title
	Nature of relationship
	TS / TR

	
	
	
	


Go to §3.

2.4
Work task
	Parent Building Block

	Unique ID
	Title
	TS

	
	
	


3
Justification

Similar to LTE, the basic multiple access scheme for 5G is orthogonal for both downlink and uplink, meaning that time and frequency physical resources of different users are not overlapped.  On the other hand, non-orthogonal multiple access gains wide interest, prompting Rel-13 Study Item of downlink multi-user superposition transmission (MUST) and some initial study in Rel-14 Study Item on NR. The latter was stopped before due for completion, giving away for more urgent features for Rel-15 NR Work Item.
The enthusiasm for non-orthogonal multiple access is due to the various benefits it would provide. In mMTC deployment scenario, important KPIs are the connection density/efficiency and low power consumption at the MTC devices. In Rel-14 NR Study Item, grant-free based uplink non-orthogonal transmission is shown to be able to significantly increase the system load, compared to the baseline orthogonal transmission. The system is made more resilient to the traffic load fluctuation with random packet arrival. Since the MTC devices can transmit the traffic data without either explicit grant or in RRC connected state, pre-transmission hand-shake between the network and the devices can be skipped, thus saving the devices’ power consumption to establish the RRC connection and monitor uplink DCI grant. This would benefit the coverage.
In the case of URLLC scenario, latency is one of the key KPI. Although the latency can be reduced by using wider subcarrier spacing and shorter TTI, signalling delay such as UL grant to UL transmission, SR to UL grant, is taking big proportion of the total user plane latency. Assuming that URLLC transmission is performed when the UE in RRC connected and possibly inactive state, grant-free mechanism at least in the initial HARQ transmission can cut the delay for MAC layer signalling which includes scheduling request and the time to respond to UL grant. Initial performance study in URLLC shows that grant-free transmission can deliver the required reliability, i.e., BLER < 10-5 with the similar SNR as for grant-based transmission.
In eMBB scenario, many applications are carried with rather small payload at physical layer. Small packet transmission can be highly inefficient with orthogonal multiple access, simply because of the sheer overhead of the signalling. The UE would operate in inactive state. The establishment of RRC connection can be saved and the signalling overhead is significantly reduced.  
Rel-13 MUST and Rel-14 NR studies reveal that solution-dependent processing at the transmitter side is the key to the performance of non-orthogonal transmission. Such processing can also facilitate the receiver side interference cancellation, thus lowering the power consumption and implementation complexity. That processing can be either spreading, interleaving, scrambling, modulation symbol mapping, etc. For example, in Rel-13/14 MUST, modulation symbol flipping is the key to implementing reduced maximal likelihood detector (R-ML) instead of more complicated code-word level interference cancellation (CWIC). In Rel-14 NR multiple access study, various spreading/interleaving schemes are designed to make receiver implementation more efficient.   

4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
As the continuation of Rel-14 multiple access study, this study will further identify and evaluate potential schemes for grant-free uplink non-orthogonal transmission for small data/message. 
Agreements and observations in Rel-14 study can be used as the starting point. The detailed objectives are:

1. Transmitter side signal processing schemes for data/message transmission [RAN1]:

· Modulation symbol level processing, including spreading, repetition, etc
· Coded bit level processing, including interleaving, scrambling, etc.
· Mapping pattern from transmitted signal to resource element, sparse or not, etc.
2. Signals to assist grant-free data/message transmission: [RAN1]

· Preamble 
· Demodulation reference signal
3. Advanced receivers: [RAN1]

· Successive interference cancellation receiver

· Joint detection type receiver

· Complexity analysis 

· Signal processing latency analysis

4. Procedure to enhance the grant-free transmission [RAN1]
· System configuration signalling
· HARQ 

· Switch between grant-free and grant-based
5. Link and system level performance evaluation [RAN1]

· Traffic model

· Capacity and system load simulations

· Power consumption analysis
· Physical abstraction (link-to-system mapping model)

6. System design for RACH-less transmission [RAN2, RAN1]

· Reduced steps for infrequent uplink data transmission

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
Service Aspects

6
MMI-Aspects

7
Charging Aspects

8
Security Aspects

9
Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others

	Yes
	
	X
	X
	X
	

	No
	
	
	
	
	

	Don't know
	X
	
	
	
	


10
Expected Output and Time scale

	New specifications [If Study Item, one TR is anticipated]

	Spec No.
	Title
	1st rsp. WG
	2nd rsp. WG(s)
	Presented for information at plenary#
	Approved at plenary #
	Comments

	TR xx.xxx
	Study on 5G non-orthogonal multiple access
	RAN
	
	RAN#78
	RAN#78
	

	
	
	
	
	
	
	


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 Comments for each spec.
By default a new specs can only be new for one of both parts.

	Affected existing specifications  [None in the case of Study Items]

	Spec No.
	CR
	Subject of the CR
	Approved at plenary#
	Comments

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


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 Comments 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.
11
Work item rapporteur(s)
Xx xx
Company:
ZTE
Email:
xx@zte.com.cn
12
Work item leadership

RAN WG1
NOTE:
If this is a RAN WID including Core and Perf. part, then this WG specifies the WG leading the Core part.
RAN WG4 is by default leading the Perf. part.
13
Supporting Individual Members
	Supporting IM name

	ZTE

	ZTE Microelectronics
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