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3GPP™ Work Item Description
Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: 	New WID on 5G Non-Orthogonal Multiple Access for NR
Acronym:  
Unique identifier: 	{A number to be provided by MCC at the plenary} 
NOTE:	For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.
	For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.
	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
	X

	
	Core Network
	

	
	Services
	



1	Impacts 	{ For Normative work, identify the anticipated impacts. For a Study, identify the scope of the study.}
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	

	Don't know
	
	
	
	
	



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a … {Tick one box. "Feature / Building Block / Work Task" form a hierarchical structure. E.g. no Building Block can be proposed without a corresponding parent Feature. The full structure of all existing Work Items is shown in the 3GPP Work Plan in ftp://ftp.3gpp.org/Information/WORK_PLAN } 
	X
	Feature

	
	Building Block

	
	Work Task

	
	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 Work Item 
{Not applicable for Feature nor for a Study Item}
{For a Building Block: list here the parent Feature }
{For a Work Task: list here the parent Building Block }
	Parent Work Items 

	Unique ID
	Title

	
	


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.
2.3	Other related Work Items and dependencies
{List here other Work Items which relate to the proposed one, such as preceding SI or a preceding WI (e.g. if further enhancing a feature).}
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 

	
	
	{optional free text} 


NOTE:	Also related or dependent WIs/SIs in other TSGs should be indicated.
3	Justification
The study item of non-orthogonal multiple access (NOMA) was approved with the objectives to study transmitter side signal processing schemes for NOMA, receiver types and its complexity/performance trade-off, related procedures to support both synchronous and asynchronous operation, and link & system performance evaluation under realistic modelling of Tx/Rx impairment. Common solution was targeted for mMTC, URLLC and eMBB scenarios.
The study shows that:
NOMA can significantly improve the system capacity compared to baseline schemes for mMTC, URLLC and eMBB small data scenarios, under realistic modelling of Tx/Rx impairment, including channel estimation error, power control inaccuracy, multiple access signature collision, asynchronous timing transmission with timing offset larger than CP. System level simulation results from different companies show gains for 3 main use cases.
· Transmitter side schemes are characterized by multiple access (MA) signature designs which can be bit-level scrambling/interleaving, and symbol level spreading whose typical receiver is MMSE hard IC whose complexity is acceptable for realistic system.  
· Multi-branch transmission per user and power assignment can be commonly applied for all solutions under study.
· The channel structure of (preamble + data) can be used in asynchronous operation e.g. grant free transmission and 2-step RACH. 
· DMRS enhancement has been studied and provides gains in many link level performance evaluations of NOMA.
· NOMA enhancement for contention-based grant free transmissions has been studied and demonstrates gains in link level performance evaluations of NOMA.

NOMA is suitable for the contention based access in order to reduce the control signalling overhead, the power consumption and the latency. As part of NOMA study, channel structure of (preamble + data) was proposed, together with some performance evaluations both at the link level and the system level. It is shown that preamble+data with NOMA can achieve good performance. Technically, preamble+data could be taken as MSG A of 2 step RACH and therefore normative work on 2 step RACH in RAN1 is a direct result of the transmit side schemes for NOMA because no special processing is needed for MSG B in physical layer. General higher layer aspect of 2-step RACH was studied in NR-U SI. It is concluded that as a baseline, all higher layer triggers for 4-step RACH are also applicable to 2-step RACH.  Besides, data transmission in RRC_INACTIVE state is also studied in NR SID and was once part of Rel-15 NR WID. The benefit of data transmission in RRC_INACTIVE state is to save signaling overhead and to reduce power consumption as well as latency for both control plane and user plane and is thus quite useful. 

NOMA is also considered a key technology in non-terrestrial networks where the signalling overhead and latency should be kept minimal to make the operation economically viable. 

The way forward in RAN#81 [RP-182126] says “A common 2-step RACH design for various use cases is desirable” and “2-step RACH can be included in a later Rel-16 WI, per normal approval process”. This work item strives to have common design for above 3 main use cases. Additional enhancements specific for unlicensed spectrum is needed. Additional enhancements for satellite system maybe also be considered.


4	Objective
4.1	Objective of SI or Core part WI or Testing part WI

The work item aims to specify Non-orthogonal multiple access (NOMA) schemes and related procedures in transmitter side in uplink and 2-step RACH feature to enable data and/or message transmission in both RRC_CONNECTED and RRC_INACTIVE states. 2-step RACH will also be applied in RRC_IDLE state. The work on 2-step RACH will cover both licensed and unlicensed spectrum.  Contention based RACH and contention-free RACH procedures are supported for 2-step RACH.

1. Transmitter side processing [RAN1]
· UE specific bit level interleaving for SF>1
· Reuse the bit level interleaving specified for PUSCH in NR Rel-15 
· Configurable spreading factor (SF)
· SF=1: Re-use Rel-15 UL TX chain
· SF>1: Symbol level linear spreading with spreading length up to 4 and symbol level scrambling
· Single/multi-branch transmission of single-code word with de-multiplexing after bit level interleaving
·  Same Rel-15 modulation scheme is adopted for all branches
·  Design of weights of each branch e.g. power assignment 
· Extension of DMRS capacity e.g. up to 24 DMRS ports within one slot (RAN1)
· Legacy DMRS position within slot is starting point

2. NOMA related procedures [RAN1, RAN2]
· Dedicated Signaling procedure to allocate MA signature(s) and DMRS for configured grant (both type1 and type2) (RAN1, RAN2) 
· Grant-free transmission in RRC_INACTIVE (Note1): (RAN1)
Note1: channel structure and resource configuration for MSG A of 2 step RACH could be reused for grant-free transmission

3. Two-step RACH (msgA + msgB) [RAN1, RAN2]
· Support for both contention-free and contention-based RACH procedure
· Design of msgA contents and the channel structure (RAN1 and RAN2):  
· Signal to detect the UE and estimate UL timing (i.e. preamble), channel structure for the preamble + payload transmission (RAN1)
· R15 NR preamble format will be the starting point
· Payload in msgA: 
· Determine the payload size of msgA (RAN1)
· Transmitter side processing in bullet 1 will be reused for payload part (RAN1)
· Contents of payload (RAN2)
· Signaling to configure preamble and radio resources for payload part including association between preamble and MA signatures (RAN1/RAN2)
· Design of msgB:
· To include the equivalent contents of msg2+msg4 of 4-step RACH (RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RA-RNTI for 2-step RACH (RAN2)
· Design of fall back procedures to 4-step RACH (RAN2)
· 2-Step RACH enhancements for NR-U
· Modifications, if necessary, for 2-step RACH procedure considering LBT outcome. (RAN1)
· RAR window extension for NR-U (RAN2)

4. Small Data and/or Message transmission from RRC_INACTIVE [RAN2, RAN3]
· Based on grant-free transmission and 2-step RACH
· Security aspects of  small data transmission (RAN2):
· Data routing in the network (RAN2, RAN3)
· Including the case where UE context is kept at the last serving gNB



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 new 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, then leave the field empty otherwise enter a number >0 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 part 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}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	{Possible values:
"TS" or 
"Internal TR" or 
"External TR". See Note 1}
	{E.g. 
"22.XXX" or actual number if known}
	{Title of the specification (as per TR 21.801 §6.1.1), to be aligned as much as possible with the WI/SI title} 
	{E.g. 
"TSG#87"}
	{E.g. 
"TSG#89"}
	{e.g.: rapporteur:
<FamilyName>, <GivenName>, <Company>, <email address>}


{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 WI 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

	38.211
	PUSCH,DMRS enhancement,Channel structure of MSGA
	TSG#86
	

	38.212
	Bit level interleaving
	TSG#86
	

	38.213
	RACH procedure
	TSG#86
	

	38.214
	PUSCH transmission
	TSG#86
	

	38.321
	RACH procedure
	TSG#86
	

	38.331
	Signaling to configure parameters
	TSG#86
	

	38.423
	Uplink data routing
	TSG#86
	


NOTE:	If this is a RAN WI 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)
[bookmark: _GoBack]ZTE Corporation
{The first listed Rapporteur is the work item primary Rapporteur. The role of a Rapporteur is further described in www.3gpp.org/specifications-groups/delegates-corner/writing-a-new-spec. 
Secondary Rapporteur(s) are possible for specific secondary task(s).
7	Work item leadership
Leading working group: RAN1
Secondary responsible working group: RAN2, RAN3
8	Aspects that involve other WGs
{Specify all the other WG(s) to be involved and, if specific, their task. E.g.: "SA2, SA3, SA5. CT6 for storage, and potentially SA4". If not applicable, indicate "None" or "None identified yet".}
NOTE:	For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.

9	Supporting Individual Members
{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval.} 
	Supporting IM name

	

	

	

	

	

	





