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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:
New SI proposal: Uplink non-orthogonal transmission for small data
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

	
	
	


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

There is a continuous need to enhance LTE to more efficiently support a wider range of services. In particular, the support for massive number of UEs requesting intermittent transmissions of small data packets is an important and imminent challenge in current and future wireless networks due to the demand for low rate M2M services, smartphone applications, real-time remote control, VoIP, gaming, TCP ACK, etc. 

In the SC-FDMA based LTE uplink, the physical resource blocks (RBs) are exclusively assigned to UEs within a cell. However, it is well known that such a multiuser multiplexing scheme is suboptimal in maximizing the system capacity (in terms of the number of users that can be supported) for small data. Instead, allowing simulataneous transmissions from multiple UEs on a common set of resources, henceforce referred to as “uplink non-orthogonal transmission” (U-NOT), along with the use of advanced receiver technologies such as successive interference cancellation (SIC) can significantly improve the UL system capacity [1]-[2]. Futhermore, the current LTE uplink transmission procedure involving RA, SR, BSR, and scheduling grant (DCI) is undesirable for intermittent small packet transmissions from both signalling overhead and latency perspectives. The semi-persistent scheduling (SPS) can be considered as a solution to the problem of small packet transmissions. However, SPS is best suited for periodic generations of fixed amount data such as VoIP. The SPS is not intended and is quite inefficient for applications where small packets of different size arrive in a random manner and for applications with a very tight latency requirement.

In addition to the potential of higher capacity, U-NOT makes grant-less transmission possible due to the intrinsic nature of non-orthogonality amongst simultaneous transmissions, i.e., UE can autonomously transmit data without explicit scheduling grant (DCI) from eNB. A form of spreading is essential for U-NOT so that the eNB can decode simultaneous transmissions from multiple UEs even at a low SINR by means of a de-spreading operation. The strength of the grant-less operation is further emphasized for small packet transmissions as it has a potential to support an enormous number of UEs by lowering the signalling overhead and latency to a negligible level. In UL grant-less operation, random transmissions of small packets from multiple UEs are statistically multiplexed within a large resource pool, and therefore the eNB can take control of the uplink resources in a statistical way. This can lead to a significant performance improvement over SPS of the legacy LTE (and potential improvement over contention based SPS) thanks to higher “multiplexing gain” or “packing efficiency”.  

It should be noted that the multi-user MIMO (MU-MIMO) in the LTE UL could be comparable to U-NOT in the sense that it also assigns a common set of RBs to multiple UEs. However, MU-MIMO would not be so efficient for small packet transmissions because (i) it requires uplink channel knowledge for each UE at the eNB (e.g., via sounding reference signal) as well as explicit scheduling grant (DCI) from eNB and (ii) the gain from simultaneous transmisisons from multiple UEs in MU-MIMO can be limited in certain scenarios, e.g., uplink channels are highly correlated among UEs.

In summary, UL grant-less non-orthogonal transmission with advanced receiver technologies at eNB can be beneficial especially for small packet transmissions thanks to higher capacity, statistical multiplexing gain, lower signalling overhead, and lower latency, which can lead to increased number of supportable UEs. It is therefore proposed to study and evaluate the benefits of introducing grant-less non-orthogonal transmission in LTE UL.

[1] T. Cover and J. Thomas, “Elements of Information Theory,” Wiley, 2006.
[2] K. Gilhousen, et al, “On the Capacity of a Cellular CDMA System,” IEEE Trans. Veh. Technol., vol. 40, NO. 2, May 1991. 
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The objective of this study item is to study LTE UL enhancements for grant-less non-orthogonal transmission of small data on the same resource elements with the aim of maximizing the number of supportable UEs in connected mode. The detailed objectives are as follows:
1) Define an evaluation methodology to evaluate the performance benefits of uplink grant-less non-orthogonal transmission, including but not limited to deployment scenarios, traffic model (small data) with outage criteria, performance metrics (e.g., number of supportable UEs, latency, DL/UL signalling overhead), eNB receivers [RAN1].  

2) Identify necessary enhancements to LTE to achieve the performance improvement. Examples of potential enhancements may include but not limited to [RAN1]:

a) Spreading method(s).

b) Rate (or MCS) allocation for non-orthogonal transmission.

c) Means to increase frequency and interference diversity, e.g., new PUSCH hopping pattern if necessary.

d) Enhancements to DMRS if necessary.
e) Detection at eNB of PUSCH transmission, e.g., based on DMRS potentially with modifications and/or based on a new signal.
3) Identify the specification impact of the above identified necessary enhancements [RAN1].

4) Evaluate the performance benefits of uplink grant-less non-orthogonal transmission based on the above evaluation methodology and the identified necessary enhancements [RAN1].
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 proposal

NOTE:
For WIs/SIs under RAN WG5 leadership this section is not filled out. Otherwise:
For a not yet approved WI/SI the rapporteur has to fill out the last row of the table(s) below up to the target date of the WI/SI (if necessary add further tables): Indicate the number of time units (1 TU ~ 2h), i.e. one value for each session/field. If no time unit is needed, leave the field empty.
For WI/SI already approved in the past, the tables below will no longer be updated in the WI/SI description (i.e. the tables reflect the status of the initial approval). But changes can be proposed in the status report of the WI/SI.

	RAN #71
Q1/2016
RAN #72

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf

	84
	84
	93
	93
	89
	91
	78
	78
	78
	78

	
	
	
	
	
	
	
	
	
	


	RAN #71
Q2/2016
RAN #72

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	84bis
	84bis
	93bis
	93bis
	89bis
	91bis
	78bis
	78bis
	78bis
	78bis
	85
	85
	94
	94
	90
	92
	79
	79
	79
	79

	3
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	


	RAN #72
Q3/2016
RAN #73

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf

	86
	86
	95
	95
	91
	93
	80
	80
	80
	80

	3
	
	
	
	
	
	
	
	
	


	RAN #73
Q4/2016
RAN #74

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	86bis
	86bis
	95bis
	95bis
	91bis
	93bis
	80bis
	80bis
	80bis
	80bis
	87
	87
	96
	96
	92
	94
	81
	81
	81
	81

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	RAN #74
Q1/2017
RAN #75

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf

	88
	88
	97
	97
	89
	95
	82
	82
	82
	82

	
	
	
	
	
	
	
	
	
	


L: LTE, U: UMTS, J: Joint, RD: RRM/demodulation

NOTE:
In case further explanation of the time budget proposal is needed, then please explain this below.

additional comments to the time budget proposal:
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
	X
	
	
	
	

	Don't know
	
	
	
	
	X
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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

	36.8xy
	Study on uplink non-orthogonal transmission for small data
	RAN1
	
	
	
	

	
	
	
	
	
	
	


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.
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12
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NOTE:
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13
Supporting Individual Members
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	Intel Corporation
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