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1
Introduction
At RAN#82, a Work Item on Integrated Access and Backhaul for NR was approved [1]. As rapporteur, in this contribution, we recommend a work plan for RAN1, RAN2, RAN3 and RAN4. The workplan captures interdependences among tasks and timeline for RAN1/2/3/4.
This workplan is a revision of a prior version submitted to RAN2 #107 [2].

The WID [1] introduced the following objectives in the core part: 

	· Specification of an IAB-node following architecture 1a including [RAN2-led, RAN3]: 

· Routing function on IAB-node to support forwarding across the multi-hop topology based on routing identifier. (Additional function in IAB-node apart from DU and MT)
· Hop-by-hop propagation of signalling to support low latency scheduling (e.g. TR 38.874 clause 8.6), BH RLF handling (e.g. TR 38.874 clause 9.7.14-15) and resource coordination across the multi-hop topology (e.g. TR 38.874 clause 7.3.3). 

· UE-bearer to BH RLC-channel mapping and mapping between ingress and egress BH RLC channels functions for support of one-to-one and many-to-one bearer mapping.

· Enhancements to gNB functionality to serve as an IAB-donor following architecture 1a [RAN3, RAN2]

· Functions on gNB CU-CP for topology, route and resource management [RAN3-led]. 

· Support for IP routability to IAB-node (e.g. from CU, OAM) [RAN3-led].

· Bearer mapping function on gNB DU to map downlink traffic of one or many UE-bearers to a BH RLC-channel [RAN2-led].  

· Specification of possible enhancements to E1, F1 and X2/Xn interfaces [RAN3-led, RAN2]:

· On F1: 

· security protection over the wireless backhaul links.

· setting up and reconfiguring IAB-nodes and IAB-donor DUs

· On X2 and Xn, necessary functions to enable DC operation with IAB. 

· On E1, configuration of necessary IAB-specific transport and/or security protection of F1-U. 

· Specification of procedures for IAB-node integration and topology adaptation, including [RAN3-led, RAN2]:

· Procedures for IAB-node integration for SA and NSA modes, including enhancements needed to E-UTRAN for NSA mode. 

· Specification of IAB-node migration underneath the same IAB-donor (with or without a change of IAB-donor DU), and between different IAB-donors. Migration of IAB-node could be network-controlled or could be due to BH RLF. 
Support for route redundancy and route selection based on multi-connectivity (e.g. TR 38.874 clause 9.7), leveraging existing NR solutions as well as NR-NR DC, without additional RAN1 work. (see NOTE1).

· Specification of enhancements to L2 wireless transport [RAN2-led, RAN3]:

· Specification of an adaptation layer above RLC layer. The adaptation layer supports routing across the wireless backhaul and IP as next protocol layer. 

· Extension of LCID space and potentially LCG space to support one-to-one mapping of UE bearers to BH RLC channels. The extension of LCID space and LCG space is applicable only to IAB-nodes.

· Specification of a flow control mechanism (for DL and, if necessary, for UL) to handle congestion. 

· Specification of mechanisms to enable lossless delivery in hop-by-hop ARQ.

· Specification of signalling for L2 transport and resource management [RAN2-led, RAN3, RAN1]:

· Specification of RRC and F1-AP procedures and messages for: the setup and release of IAB-nodes; configuration of adaptation layer at the IAB-nodes and IAB-donor DU; configuration of BH RLC channels, QoS information, routing tables, bearer-mappings; configuration of means for network synchronization; and configuration for sharing of time-domain resources among backhaul and access links (see physical layer specification). 

· Specification of an IP address allocation mechanism for the IAB-nodes [RAN3]. 
· Specification of enhancements to bearer context setup/release procedures to support flow QoS across multiple hops. 

· Specification of signalling to enable aspects of radio-aware scheduling on IAB-nodes and IAB-donor DUs (e.g. as discussed in TR 38.874 clauses 8.2.4.2-3).

· Specification of enhancement for uplink resource request procedure and related signalling to enable low latency uplink data scheduling. 

· Specification of BH RLF handling (e.g. downstream BH RLF notification).

· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:

· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.

· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 

· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 

· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 

· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 

· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.

· Specification of mechanism to support the “case-1” OTA timing alignment.

· Specification of RF and RRM requirements [RAN4-led]:

· Define RF requirements for both backhaul and access links of an IAB-node including requirements for co-existence (e.g. ACLR, ACS). This may include defining a new power class for MT.

· Define RRM core requirements for both backhaul and access links of IAB node.

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

· Define timing requirements for IAB specific network synchronization. This may include (a) requirement for “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.
NOTE 1: IAB relies heavily on existing Rel-15 functionality. It may leverage additional features/enhancements defined as part of other Rel-16 WIs, but it should not depend on the timely completion of these features. The scope of this section is limited to the aspects envisioned to be treated as part of the IAB WI. 



The WID [1] introduced the following objectives in the performance part:
	· Define RRM performance requirements.

· Define demodulation performance requirements for both backhaul and access links of an IAB-node, if needed. [RAN4]


2
Workplan
2.1
Prioritization of efforts
This section captures the interdependences among the various tasks defined in the IAB WID [1] together with criticality to IAB functionality and performance, and size of specification effort. 
RAN1-led efforts:

The WID defines five objectives related to physical layer enhancements, which are led by RAN1. These physical layer enhancements are critical to IAB functionality and should therefore start early. The RAN2/3-related efforts are explicitly captured under the RAN2/3-led objectives. 
The physical layer enhancements include:
1) SSB/RMSI periodicity for NR initial access.

2) Extensions of SSBs for inter-IAB-node discovery and measurements. 

3) Extension of RACH occasions and periodicities for backhaul RACH resources. 

4) Mechanisms for resource multiplexing among backhaul and access links. 

5) Mechanism to support the “case-1” OTA timing alignment.

RAN2-led efforts:

The WID defines four RAN-2-led objectives as well as three RAN3-led efforts which involve RAN2 contribution. 
The WID makes extensive reference to TR 38.874 for these objectives. RAN-2 should therefore start with the baseline stage-2 specifications that can be derived from TR 38.874. These baseline specifications mainly affect TS 38.300.
Also, stage-2 specification for the adaptation layer should start early since it represents a new radio protocol sublayer, which has implications on other efforts.

Further features are dependent on these prior efforts and can follow over time. 

The following efforts and their interdependences can be identified:

1) 
Architecture baseline (38.300):

-
Relaying architecture and Interfaces

-
User- and control-plane aspects incl. protocol stacks and bearer-to-RLC-channel mapping

-
Enhancements to L2 structures

-
Enhancements to radio protocol sublayer (adaptation layer)

-
Radio-aware scheduling

2) 
Adaptation layer – stage 2 (38.3xx)


-
Services, functions, procedures

- 
Includes routing and bearer-to-RLC-channel mapping

3) 
Enhancements to bearer context setup/release procedures to support flow QoS across multiple hops: Depends on specification of 38.300 baseline spec and adaptation layer spec.

4) 
L2 signaling for BH RLF handling: Depends on specification of BH RLF procedures by RAN3

5) 
L2 signaling for release of soft resources: Depends on specification of resource management by RAN1

6) 
Flow control mechanism to handle congestion: Depends on evaluation of F1-based mechanisms by RAN3

7) 
Hop-by-hop low latency scheduling: Optimization, not critical for functionality

8) 
Mechanisms for lossless delivery in hop-by-hop ARQ: Not critical for functionality. Implies that RAN3 work on topology adaptation has sufficiently evolved.

9) 
New RRC configurations: Depend on specification of new procedures

10) Extension of LCID space and potentially LCG space: Mostly configuration.

11) Stage 3, ASN.1: Depends on stage-2 specification.
RAN3-led efforts:

The WID defines three RAN-3-led objectives as well as RAN2-led efforts, which involve RAN3 contribution. 

RAN-3 should also start with baseline stage-2 specifications that can be derived from TR 38.874. These baseline specifications mainly affect TS 38.401.
Also, enhancement to E-UTRAN for IAB-node operation in NSA should be addressed early and in context with baseline 38.401 specification. These E-UTRAN enhancements mainly affect TS 37.340.
Other tasks can follow as soon as architectural issues and procedures have been resolved. 

The following efforts and their interdependences can be identified:

1) Architecture baseline (38.401):

-
5G RAN architecture, 

-
Procedures for 

-
IAB-node integration incl. OAM-support, 

-
Topology adaptation incl. topological redundancy nodes and BH RLF recovery

-
IP address allocation

-
Network synchronization 

2) Enhancements to E-UTRAN for IAB-node in NSA (37.340)

3) 
Flow control mechanism to handle congestion: RAN3 should mainly focus on extensions of NR UP protocol (38.425). This work should start early since it might imply radio-layer-based flow-control mechanisms to be defined by RAN2.
4) 
Enhancements to F1* security: This work can start early as it mostly affects SA3 at initial stage.
5) 
Enhancements to E1, F1: Depends on establishment of architecture baseline
6) 
Enhancements to NG and S1-MME: Interaction with SA2. Depends on establishment of architecture baseline
7)  
Enhancements for bearer-to-RLC-channel mapping on IAB-donor-DU for DL traffic: Depends on adaptation layer spec by RAN2. 

8) New F1-AP configurations: Depends on specification of new procedures

9) Stage 3, ASN.1: Depends on stage-2 specification.
RAN4-led efforts (core part):

The WID defines the following objective in the core part to be led by RAN4. The RAN-4 effort depends on prior RAN1 work, and it is therefore started at a later point in time. 
1) RF and RRM requirements [RAN4-led]:

- 
RF requirements for both backhaul and access links of an IAB-node including requirements for co-existence (e.g. ACLR, ACS). This may include defining a new power class for MT.

-
 RRM core requirements for both backhaul and access links of IAB node.

-
Latency requirements for switching between communication over parent backhaul link (i.e. MT) and child backhaul/access links (i.e. DU).

-
Timing requirements for IAB specific network synchronization. This may include (a) requirement for “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.

RAN4-led efforts (performance part):

The WID [1] defines the following objectives in the performance part to be led by RAN4. The RAN-4 effort depends on prior RAN1 work as well as RAN-4 work in the core part, and it is therefore started at a later point in time. 
1) RRM performance requirements.

2) Demodulation performance requirements for both backhaul and access links of an IAB-node.

2.2
Timeline
Table 1 summarizes a timeline for RAN1/2/3/4, which has been derived from the interdependences among tasks, their criticality on IAB functionality and performance, and size.
Table 1: Timeline for RAN1, 2, 3, 4 efforts
	TSG/WG
	Meeting Number
	Date
	TU
	Task

	RAN1
	#96
	Feb 25-March 1, 2019
	1
	- Start discussion of stage-2 aspects of all five RAN-1-led tasks:

1) SSB/RMSI periodicity for NR initial access.

2) Extensions of SSBs for inter-IAB-node discovery and measurements. 

3) Extension of RACH occasions and periodicities for backhaul RACH resources. 

4) Mechanisms for resource multiplexing among backhaul and access links. 

5) Mechanism to support the “case-1” OTA timing alignment.

	RAN2
	#105
	Feb 25-March 1, 2019
	2
	- Started discussion of stage-2 aspects:

1) RAN2 aspects of architecture

-   Baseline running CR to TS 38.300

-   Protocol stacks

2) Adaptation layer spec 

-  Adapt functionality

-  Routing and bearer mapping

3)  L2 configuration

-  Backhaul RLC channels and Adapt layer

4) 
BH RLF handling
-  BH RLF-related signalling



	RAN3
	#103
	Feb 25-March 1, 2019
	1
	 - Started discussion of:

1)  RAN3 aspects of architecture

-  Baseline running CR to TS 38.401

  2) IAB-node integration 

-
Procedures 
-    IAB-node authorization
-
OAM-support
- Included stage-3 aspects:

-    Enhancements to E1 and F1

- 
Enhancements to NG, S1-MME, X2, Xn

	RAN1
	#96bis
	April 8-12, 

2019
	1
	- Continue discussion of stage-2 aspects of all five RAN-1-led tasks.



	RAN2
	#105bis
	April 8-12, 

2019
	2
	- Continued discussion of stage-2 aspects:

1) RAN2 aspects of architecture

-  Captured easy agreements from TR in running CR to 38.300

-  Captured baseline protocol stacks in running CR to 38.300
2) Adaptation layer spec 
- Agreed that Adapt layer will be named Backhaul Adaptation Protocol (BAP) 

-  Discussed BAP routing and bearer mapping

- Started discussion of stage-2 aspects:

5) 
Flow control mechanism to handle congestion
-  Agreed on baseline for congestion mitigation

6) 
Low latency scheduling
-  Agreed on baseline feature support


	RAN3
	#103bis
	April 8-12, 

2019
	2
	- Continued discussion of stage-2 aspects:

1)  RAN3 aspects of architecture

-  Baseline running CR to TS 38.401

  2) IAB-node integration 

-
Procedures 
-    IAB-node authorization
-    DU IP-address allocation

-   OAM-support

-   Enhancements to E-UTRAN for IAB-node in NSA (37.340)
- Started discussion of:

3) 
Intra-donor transport

-   Enhancements to support bearer-to-RLC-channel mapping
- Included stage-3 aspects:

-    Enhancements to F1
-    Enhancements to NG, S1-MME, X2, Xn 


	RAN4RF
	#90bis
	May 13-17, 2019
	1
	Start with efforts on core part.

	RAN1
	#97
	May 13-17, 2019
	1
	- Continue discussion of stage-2 aspects of all five RAN-1-led tasks.

	RAN2
	#106
	May 13-17, 2019
	3
	- Handle LS from RAN3 on use of IPv6 Flow Label (R3-182085)
- Discussion of stage-2 aspects:

1) RAN2 aspects of architecture

-  Updated CR to 38.300

2) BAP layer spec 

-  BAP functionality

-  BAP routing and bearer mapping

4) 
Parent node change, multi-connectivity, BH RLF handling
-  Clarifications on multi-connectivity for IAB-node

9) Misc aspects

-  Security considerations



	RAN3
	#104
	May 13-17, 2019
	1.5
	- Continued discussion of stage-2 aspects:

1)  RAN3 aspects of architecture

-  Updated baseline running CR to TS 38.401

  2) IAB-node integration (high priority)
-    Continued discussion on remaining procedures 
-    Down-selected parent-node selection

-    Continued discussion on IAB-node indication to core network
-    Finalized OAM-support

-    Started topology discovery

-    Enhancements to E-UTRAN for IAB-node in NSA (37.340)
3) 
Intra-donor transport (high priority)
-   Continued discussion on mapping from IP layer to BAP layer
4)  L2 configuration

-  Started discussion on configuration of BAP layer on DU

- Included stage-3 aspects:

-    Enhancements to F1
-    Enhancements to NG, S1-MME, X2, Xn



	RAN4RF
	#91
	May 13-17, 2019
	2
	Continue with efforts on core part.

	RAN4RD
	#91
	May 13-17, 2019
	0.5
	Start with efforts on core and performance part.

	RAN1
	#98
	August 26-30, 2019
	1
	- Finalize discussion of stage-2 aspects and start discussion of stage-3 aspects of all five RAN-1-led tasks.



	RAN2
	#107
	August 26-30, 2019
	3
	- Continue discussion of stage-2 aspects with high priority: 
1) RAN2 aspects of architecture

-  Update CR to 38.300

2) BAP layer spec 

-  BAP functionality and modelling (email discussion #48)

-  BAP bearer mapping (email discussion #47)

3)  L2 configuration

-  Backhaul RLC channels and BAP layer

-  Configuration protocols

- Continued discussion of stage-2 aspects, time permitting:

4) 
Parent node change, multi-connectivity, BH RLF handling

- Discussion of F1-AP transport over LTE RRC for IAB-nodes using EN-DC

5) 
Flow control mechanism to handle congestion (email discussion #44)

-  E2E flow control for upstream traffic

-  HbH flow control for downstream traffic

6) 
Low latency scheduling (email discussion #46)

-  Detailed proposals 



9) Misc aspects

-  MT-specific transport aspects

-  Lossless multi-hop RLC (email discussion #45)







	RAN3
	#105
	August 26-30, 2019
	1
	- Continue discussion of stage-2 aspects

1)  RAN3 aspects of architecture

-  Update baseline running CR to TS 38.401

  2) IAB-node integration (high priority)
-    Finalize working assumption for parent-node selection

-    Finalize discussion on IAB-node indication to core network
-   Finalized OAM aspects


3) 
Intra-donor transport (high priority)

-   Made progress onmapping from IP layer to BAP layer
4)  U-plane (high priority)

- Agreed on mapping granularity from upper layers to BH RLC channels for UL.





- Continue discussion of stage-3 aspects including ASN.1




	RAN4RF
	#92
	August 26-30, 2019
	2
	Continue with efforts on core part.

	RAN4RD
	#92
	August 26-30, 2019
	1
	Continue with efforts on core and performance part.

	RAN1
	#98bis
	Oct 14-18, 2019
	1
	Finalize discussion of all stage-2 and stage-3 aspects.



	RAN2
	#107bis
	Oct 14-18, 2019
	3
	- Continue discussion of the following topics with high priority, consider stage-2 and stage-3 aspects 

1) RAN2 aspects of architecture

-  Update on CR to 38.300

2) BAP layer spec 

-  Update on CR to 38.340 including open issues based on email discussion summary [107#8]
-  Discuss stage-3 issues of BAP layer.
-  Discuss remaining aspects related to routing based on email discussion [107#53]
3)  L2 configuration

- Discuss remaining issues
- Discuss L2 structures for IAB
4) 
Multi-connectivity, BH RLF handling
-  BH RLF-related signalling, expected IAB-node behaviour based on email discussion [106#43]
- F1-AP transport over LTE RRC for IAB-nodes using EN-DC based on email discussion [107#51]
-  IAB-dedicated NGC: How to bar EN-DC UEs from accessing IAB-nodes while allowing IAB-node MT access.
6) 
Low latency scheduling (email discussion [106#46])

-  Discuss stage 3 issues, in particular, if a new MAC CE format is necessary for pre-emptive BSR
7)  QoS and radio-aware scheduling

-  Discuss and agree on stage 2 issues 

8)   Extension of LCID space and potentially LCG space
- Discuss stage-3 

9) Misc aspects

-  LS from RAN1 PHY-layer configuration

-  LS from RAN3 on IAB indication and parent indication  
-  Running CR 38.331 (email discussion [107#52])
-  Start running CR on 38.321.
- Others



	RAN3
	#105bis
	Oct 14-18, 2019
	2
	- Continue discussion of stage-2 aspects

1)  RAN3 aspects of architecture

-  Update baseline running CR to TS 38.401

  2) IAB-node integration (high priority)
-    Finalize topology discovery

-    Finalize IP address allocation
-    IAB-node DU integration
3) 
Intra-donor transport (high priority)

-   Remaining issues on mapping from IP layer to BAP layer

4)  U-plane (high priority)

- Agree on mapping granularity from upper layers to BH RLC channels for DL.
- Discuss LS from RAN2 on F1-C granularity for RLC channel mapping.
Start discussion of stage-2 aspects:

5) 
Topology adaptation

-    Procedures for parent-node change

-    Procedures for topological redundancy

-    Procedures for BH RLF recovery

Others:

            -   LS from RAN2 on flow control

- Continue discussion of stage-3 aspects 




	RAN4RF
	#92bis
	Oct 14-18, 2019
	2
	Continue with efforts on core part.

	RAN4RD
	#92bis
	Oct 14-18, 2019
	1.5
	Continue with efforts on core and performance part.

	RAN1
	#99
	Nov 18-22, 2019
	1
	Finalize CRs and ASN.1 of all RAN-1-led tasks.



	RAN2
	#108
	Nov 18-22, 2019
	3
	Finalize discussion of stage-2 and stage-3 aspects



	RAN3
	#106
	Nov 18-22, 2019
	2
	Finalize discussion of stage-2 and stage-3 aspects.

	RAN4RF
	#93
	Nov 18-22, 2019
	2
	Finalize efforts on core part.

	RAN4RD
	#93
	Nov 18-22, 2019
	1.5
	Continue with efforts on core and performance part.

	RAN
	86
	Dec 9-12, 2019
	
	Rel-16 completion for RAN1

	RAN2
	#109
	Feb. 24-28, 2020
	0.5
	Finalize CRs and ASN.1 on all RAN2-led tasks.



	RAN3
	#107
	Feb. 24-28, 2020
	1
	Finalize CRs and ASN.1 on all RAN3-led tasks.



	RAN4RD
	#94
	Feb 24-28, 2020
	1.5
	Continue with efforts on core part.

	RAN
	87
	March 16-19, 2020
	
	Rel-16 completion for RAN2, 3, 4 (core part)

	RAN4RD
	#94bis
	April 20-24, 2020
	1.5
	Continue with efforts on performance part.

	RAN4RD
	#95
	May 25-29, 2020
	1.5
	Finalize efforts on performance part.

	RAN
	88
	Jun 3-6, 2020
	
	Rel-16 completion for RAN 4 (performance part)
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