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9.1.1
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 Enhanced Duplexing and Full Duplex for NR

Acronym:
FS_NR_Flex_Full_Duplex
Unique identifier: 
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

	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

	
	
	

	
	
	


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.
3
Justification

In the Rel-14 NR study item, the following was agreed and captured in TR38.802:

“NR supports paired and unpaired spectrum and strives to maximize commonality between the technical solutions, allowing FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner. It is noted that transmission directions include all of downlink, uplink, sidelink, and backhaul link. NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation, i.e., the assigned DL/UL transmission direction can be signaled to UE by higher layer signaling.”
It is expected that a common physical layer design of duplexing flexibility for paired and unpaired spectrum will be supported in Rel-15 NR WI, together with certain enablers for basic support of cross-link interference mitigation schemes. More advanced cross-link interference mitigation scheme, although beneficial from performance perspective, may not be fully enabled during Rel-15 due to current NR timeline. Thus, it is necessary to commerce a study on further enhanced duplexing for NR.

It is also important that various usage scenarios for ITU IMT-2020 such as eMBB, URLLC and mMTC can be efficiently supported by one cell. Particularly, considering low latency requirement of URLLC, more dynamic and flexible resource adaptation between DL and UL would be necessary e.g., allowing simultaneous transmission between DL and UL to minimize resource unavailability for URLLC traffic. As Rel-14 NR SI has been focused on TDM between DL and UL resources, it could have limitation in terms of multiplexing different usage scenarios. For example, it is challenging to efficiently multiplex DL-heavy eMBB and URLLC traffic in TDM manner where symmetric DL/UL resource partitioning may be necessary for URLLC whereas DL-heavy resource partitioning would be necessary for DL-heavy eMBB. Also, to multiplex multi-slot transmission (e.g., mMTC UL) and mini-slot transmission (e.g., URLLC DL/UL), TDM approach may not be effective. TDM approach may not be effective. To support various usage scenarios effectively, further investigations to utilize one frequency spectrum more flexibly e.g., FDM multiplexing between DL and UL with guard bands. Additionally it is essential to support simultaneous DL and UL transmissions in both time and frequency.
In recent hardware enhancements and technology advancements, many cancellation techniques and handling of out-of-band emission have been studied and specified. Based on advanced features at the receiver, the feasibility of FDM multiplexing between DL and UL (with same/different numerologies) seems promising.

Regarding simultaneous DL and UL transmission on the same resource (i.e., full duplex capability), device with full duplex capability faces an inherited strong interference that is originated from its own transmitted signal. It is called as self-interference (SI) which has higher signal strength than a desired one. This strong SI seems very difficult to cancel out perfectly but the amount of self-interference can be effectively reduced since we know the characteristics of interfering signal originated from device itself. In recent years, there has been outstanding progress in SI cancellation technologies and feasibility demonstration/verifications. With developments at SI cancellation techniques at both RF and baseband, consideration of full duplex capability at first from gNB perspective becomes technically feasible and commercially available in a very near future.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The main objectives of this work are to study enhanced mechanisms for duplexing flexibility and supporting full duplex in both paired and unpaired spectrum. The feasibility and benefits of interference mitigation and resource sharing mechanisms to support flexible resource adaptation of NR-cells in co-channel and adjacent legacy FDD/TDD spectrums will be evaluated for both unpaired and paired spectrum. For full duplex capability, the study targets full duplex capabilities (i.e., simultaneous DL/UL transmission on the same resource) capabilities at gNB and considers duplexing flexibility capabilities at both gNB and UE.
The proposed study will cover the following objectives:
To study enhanced mechanisms for providing better duplexing flexibility in unpaired and paired spectrum. Development scenarios and use cases of Rel-15 NR SI/WI are the starting point for the discussions. The detailed objectives are:

· Identify and evaluate the enabler for advanced cross-link interference mitigation schemes, e.g. cross-link interference cancellation receivers, cross-link interference measurement, and cross-link interference coordination.[RAN1, RAN4]
· It is assumed that downlink and uplink resources in a band can be multiplexed in TDM manner. 
· Identify additional physical layer impacts (if any) to support enhanced duplexing flexibility [RAN1]
To study mechanisms and benefits for providing full duplex operations in unpaired and paired spectrum. The detail objectives are:
· Identify deployment scenarios and use cases, and evaluate the benefits of full duplex (i.e., simultaneous DL/UL transmission on the same resource and/or DL/UL multiplexed in a FDM manner) with or without interference mitigation/cancellation/coordination techniques in such scenarios [RAN1].

· Study potential interference mitigation/cancelation/coordination techniques to allow downlink and uplink at a band in FDM manner (e.g., guard band configuration) and/or full duplex capability at gNB, (e.g., self-interference cancellation, cross-link interference mitigation/coordination techniques among UEs in the same cell) [RAN1, RAN4]
· The study consider scenarios where all or only a subset of gNBs in the network are capable of full duplex operation. 
· Study Flexible and Full Duplex Radio (FDR) concept for adaptive resource allocation with legacy cellular systems including TDM/FDM. [RAN1]

· Study techniques to identify potential FDR served users within the network region [RAN1 or RAN3]

· Study new assistant techniques to enhance link performance and resource management efficiency of Flexible and Full Duplex Radio. [RAN 1]

· Identify additional physical layer impacts necessary to support full duplex operations. [RAN1] 
This study item shall consider the work of other related study/work item(s) in NR and shall take into account the agreements from Rel-15 NR items.
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) 
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	38.XXX
	Internal TR
	Study on Flexible/Full duplex
	RAN#83
	RAN#84
	{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 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:
LG Electronics
Email:
yunjung.yi@lge.com
Company:
China Telecom

Email:
zhujianchi.bri@chinatelecom.cn
7
Work item leadership

Primary: RAN WG1

Secondary: RAN WG4
8
Aspects that involve other WGs
None identified yet
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

	LG Electronics

	China Telecom

	Reliance Jio

	IITH

	IITM

	Fraunhofer

	CEWiT

	ETRI

	KT

	CATR

	OPPO

	Potevio

	Xiaomi

	Cololpad

	Samsung

	LGU+

	SKT

	KTL

	


