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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: 
Enhancements to Integrated Access and Backhaul for NR 
Acronym: Enh_IAB 
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
	X

	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
	


Potential target Release: Rel-17 

1
Impacts 

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	
	X
	X
	

	No
	
	X
	
	
	

	Don't know
	X
	
	
	
	X


2
Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a … 
	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, they are defined as work tasks. If you are in doubt, please contact MCC.
2.2
Parent Work Item 
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	


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 data (In case the feature covers Core and 
Perf. part, please list under Working Group the leading WG of the Core part).
2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 


NOTE:
Also related or dependent WIs/SIs in other TSGs should be indicated.

3
Justification

Enhancements to Integrated Access and Backhaul (IAB) builds on the Rel-16 WI NR_IAB, which supports wireless backhauling via NR enabling flexible and very dense deployment of NR cells while reducing the need on wireline transport infrastructure.
Enhancements to IAB in Rel-17 improve on various aspects such as robustness, degree of load-balancing, spectral efficiency, multi-hop latency and end-to-end performance for stationary IAB networks. In addition, Rel-17 enhancements support IAB-node mobility to provide NR access to users in trains, busses and other vehicles. IAB-node mobility may be applied to other use cases, too.
In Rel-17, IAB enhancements support the following new functionality:

· The introduction of inter-donor IAB-node migration increases robustness of stationary IAB networks, enables more refined load-balancing and topology management, and enables IAB-node mobility over large distances.
· Reduction of service interruption time caused by IAB-node migration and BH RLF recovery improves network performance, allows network deployments to undergo more frequent topology changes, and provides stable backhaul performance for moving 

IAB-nodes .

· Enhancements to topological redundancy increases the maximum number of parent nodes, allows for mesh-based routing

, and supports local routing decisions, which creates more paths for load balancing, congestion mitigation and recovery in case of BH RLF failure. 

· Enhancements in scheduling, flow and congestion control improves end-to-end performance as well as spectral efficiency to the IAB network. 

· Enhancements to backhaul transport enables local traffic 

within the IAB-network by collocating CU-UP and UPF with the IAB-node. Local traffic has lower latency and can avoid highly congested bottlenecks in the topology, such as the donor DU.

· Duplexing enhancements increase spectral efficiency and reduce latency through the support of SDM/FDM-based resource management, through simultaneous transmissions and/or reception on AB-nodes, and via support of intra-frequency connectivity to multiple parent nodes.  
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between upstream and downstream links of an IAB node, including:
· Support for IAB-nodes capable of at least partial simultaneous transmission and/or simultaneous reception by co-located IAB-MT and IAB-DU (e.g. SDM, FDM
).

· Support for multi-parent connectivity scenarios defined by RAN2/RAN3 (e.g. intra-frequency) in the context of topology redundancy for improved robustness and load balancing.

· Specification of IAB-node timing modes (e.g. case 6/7 timing) to facilitate simultaneous transmission and/or simultaneous reception by co-located IAB-MT and IAB-DU (e.g. SDM/FDM, multi-panel Tx and RX).

· Specification of extensions for DL/UL power control as needed, e.g., to support simultaneous transmission and/or simultaneous reception by co-located IAB-MT and IAB-DU.
· Specification of extensions for CLI measurements and interference management of backhaul links as needed, e.g. to facilitate simultaneous transmission and/or simultaneous reception by co-located IAB-MT and IAB-DU.
Topology adaptation enhancements and mobile IAB:

· Specification of procedures for inter-donor IAB-node migration to enhance robustness and load-balancing of stationary networks and to support IAB-node mobility use cases, including [RAN3-led, RAN2]:
· Consideration of PCI, 
 and tracking area management as well as changes to cell identifier, BAP-routing IDs, IP addresses and security associations;
· Enhancements to signalling for the support of group UE mobility to reduce signalling load during inter-donor IAB-node migration.  

· Specification of enhancements to reduce service interruption due to IAB-node migration and BH RLF recovery for stationary IAB networks and mobile IAB-nodes, including [RAN2-led, RAN3]:
· Consideration of Rel-16 mobility enhancements, mobility prediction and make-before-break connectivity on the backhaul.

· Specification of enhancements to topological redundancy

, including [RAN3-led, RAN2]:

· Support for more than two parent nodes; 
· Support of FR1/FR2 separation of CP and UP.

· Specification of the necessary signalling enhancements to radio layer-2, RRC, NG, S1, X2, Xn, F1 and E1 [RAN3-led, RAN2].
Topology, routing and transport enhancements:

· Specifications of enhancements to the routing on the IAB topology, e.g. to improve robustness, load balancing, congestion relief, etc., including [RAN2-led, RAN3]
· Consideration for mesh-based routing 

on BAP layer over the physical DAG topology;
· Support of local routing decisions on the IAB-node for other reasons than RLF, e.g., via path prioritization in routing table.
· Specifications of scheduling enhancements, e.g., to improve topology-wide fairness and multi-hop latency, including [RAN2-led, RAN3]:
· Consideration of local inter-IAB-node signalling as well as CU-based configurations.

· Specifications of signalling enhancements for end-to-end flow and congestion control [RAN2-led, RAN3].
· Specification of enhancements to enable local traffic in the IAB-network by collocating the UE’s CU-UP and UPF with the IAB-node 

[RAN3-led, RAN2].

· Specification of the necessary signalling enhancements to radio layer-2, RRC, X2, Xn, F1 and E1 [RAN3-led, RAN2]
RF and RRM requirements [RAN4-led]:

· Defintion of IAB node RF requirements if needed for any Rel-17 extensions.
· Definition of RRM core requirements as needed for both backhaul and access links of IAB node for IAB-node migration in stationary IAB networks and for mobile IAB-nodes

.
· Definition of latency requirements for switching between communication over parent backhaul link (i.e. IAB-MT) and child backhaul/access links (i.e. IAB-DU).

· Definition of timing requirements for IAB specific network synchronization. This may include (a) requirement for other than “case 1” timing (e.g. accuracy of DL transmission timing alignment between an IAB-node and its parent node), and (b) cell phase synchronization accuracy for multi-hop IAB network

.
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

	37.340
	NR; Multi-connectivity; Overall description; Stage-2
	RAN#xx
	Core Part

	38.133
	NR; Requirements for support of radio resource management
	RAN#xx
	Performance Part

	38.174
	NR; Integrated Access and Backhaul (IAB) radio transmission and reception
	RAN#xx
	Performance Part

	38.211
	NR; Physical channels and modulation
	RAN#xx
	Core Part

	38.212
	NR; Multiplexing and channel coding
	RAN#xx
	Core Part

	38.213
	NR; Physical layer procedures for control
	RAN#xx
	Core Part

	38.214
	NR; Physical layer procedures for data
	RAN#xx
	Core Part

	38.215
	NR; Physical layer measurements
	RAN#xx
	Core Part

	38.300
	NR; Overall description; Stage-2
	RAN#xx
	Core Part

	38.321
	NR; Medium Access Control (MAC) protocol specification
	RAN#xx
	Core Part

	38.322
	NR; Radio Link Control (RLC) protocol specification
	RAN#xx
	Core Part

	38.331


	NR; Radio Resource Control (RRC); Protocol specification
	RAN#xx
	Core Part

	38.340
	NR; Background for integrated access and backhaul radio transmission and reception
	RAN#xx
	

	38.401
	NG-RAN; Architecture description
	RAN#xx
	Core Part

	38.425
	NG-RAN; NR user plane protocol
	RAN#xx
	Core Part

	38.463
	NG-RAN; E1 Application Protocol (E1AP)
	RAN#xx
	Core Part

	38.472
	NG-RAN; F1 signalling transport
	RAN#xx
	Core Part

	38.473
	NG-RAN; F1 Application Protocol (F1AP)
	RAN#xx
	Core Part

	38.474
	NG-RAN; F1 data transport
	RAN#xx
	Core Part

	38.xxx
	NR; Background for integrated access and backhaul radio transmission and reception
	RAN#xx
	Performance Part


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)
Georg Hampel, 

Qualcomm Incorporated, 

ghampel@qti.qualcomm.com
7
Work item leadership

RAN2 (Primary), 
RAN1/RAN3/RAN4 (Secondary)

8
Aspects that involve other WGs
SA2 have to capture impacts of IAB on CN. This involves:

-  Enhancements to NG interface to support group-UE-mobility signalling. New CN procedures are not anticipated. 

-  Description of functionality in stage-2 functionality of 5G architecture and eventually EPS (TS 23.501, TS 23.502, potentially TS 23.401). 
SA3 may have to evaluate security-related aspects of enhancements and new functionality introduced.
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
	Supporting IM name

	Qualcomm Incorporated

	

	

	

	

	


�Ericsson comment: Generally ok, but it should be clarified if moving IAB nodes means that the actual IAB node will have speed when it is handover to another CU-donor.








�QC: This bullet also covers inter-CU handover. I believe that the reference to trains and busses above is sufficiently clear on that the IAB-node won’t stop at inter-donor DU/CU boundaries.


�Ericsson comment: We have not seen the use case for mesh-based routing with local routing decision given that there is no inter-DU communication defined in 3GPP. Introducing additional parent nodes (e.g. using multiple-MT) except for RLF or load balancing is ok assuming the rules for any local decision are configured from CU and where routing changes are done on a longer time scale except for RLF.





�It is not “mesh-based routing with local routing decisions”. What is proposed is “mesh-based routing” and, independently, “local routing decision”. We will have to work out if and how these two will go together. Further, “local routing decisions” may be based on a CU-configured priority table. This has already been discussed in Rel-16. 


�Ericsson comment: We disagree with this proposal as this architecture was rejected in the IAB SI. It would require considerable changes to the IAB spec, increasing the complexity and not be compliant with IAB Rel-16 leading to diverging architecture tracks in the market and standards.





�This is not a proposal for a new architecture but solely for a local breakout point of the present architecture, i.e., we are talking about the UE’s CU-UP and UPF, not the MT’s CU-UP and UPF. Many companies wanted to support local traffic and this would be the off-the-shelf method to do it. I have tried to make the bullet clearer.


�Ericsson comment: Could you please clarify the implication of “multi-panel IAB-node” here and especially how that relate to specification?





�This was intended to reduce confusion, but apparently it had the opposite effect. We are removing the multiple panels. 


�Ericsson comment: We would like to understand the implication and meaning of “multi-panel TX and RX” in this context. From the text, it appears as if it is seen as an alternative to SDM and FDM. To us, multi-panel is a special implementation case related to SDM and it is unclear how it relates to the specifications (see also earlier comment).





�Let’s ensure we all agree that multi-parent is on the agenda before we get into the solution space.


�Ericson comment: Need to be clarified what is mean by changes to PCI, TAI, etc.





�I hope this is clearer now.


�Ericsson comment: We propose that multi-MT should be added as a mean to enable topological redundancy.





�See comment above.


�Ericsson comment: We understand that the use case for mesh-based routing need to be specified including what type of mesh is assumed. So, we propose that mesh-based routing should be studied first before making any decision to specify such mechanism.





�Several companies were in support of mesh-based routing. I agree, however, that we didn’t really discuss use case and benefits. I have therefore toned it down a little.


�Ericsson comment: We strongly disagree with this proposal. This would be one of the architectures (2a) that was already ruled out in the IAB SI. It would require terminating the NG, Xn in the IAB node, and increased complexity.





�We have a misunderstanding here. This is not arch 2a. In 2a, the IAB-node MT has a local CU-UP + UPF. In this objective, only the UE has local CU-UP + UPF. I made this a little clearer.


�Ericsson comment: Could you please clarify if mobile IAB-node is Rel-16 node or a new type of node operating at different band, e.g., FR1/FR2?





�The Rel-16 IAB node should already be able to operate at FR1/FR2. I am not certain if anything new is needed here, but I cannot preclude it either


�Ericsson comment: In our understanding, these issues are currently discussed in RAN4. So, how does this relate to the proposed IAB enhancements?








�This refers to other than case 1. RAN4 presently discusses case 1.





