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1. Introduction
RAN#82 approved the new work time Integrated Access and Backhaul for NR [1]. The work item description defines various objectives, many of which closely follow detailed discussion in TR 38.874 [2].

This contribution includes a text proposal on IAB for TS 38.401. The text proposal includes a skeleton and baseline specifications based on the objectives defined in [1] and the corresponding descriptions in [2].

2. Discussion

TBD
3. References

[1] RP-182882: new_WID_integrated_access_and_backhaul_for_NR, 3GPP RAN #82, Sorrento, Italy, December 10-13, 2018
[2] TR 38.874 v16.0.0.: Study on integrated access and backhaul for NR
4. Text Proposal for TS 38.401
********* Start of Change **********
3
Abbreviations and Definitions

3.1
Definitions

>>>> Skip
IAB-donor: NG RAN node that provides functionality to support an NR backhaul for IAB-nodes. 

IAB-node: NG RAN node that provides functionality to support connectivity to the network for UE(s) via an NR backhaul

IAB-topology: Set of IAB-nodes connected to an IAB-donor node through one or multiple NR backhaul hops.

NR backhaul link: NR link used for backhauling by IAB.
>>>> Skip
3.2
Abbreviations

>>>> Skip
BH

Backhaul

>>>> Skip
IAB
Integrated access and backhaul
>>>> Skip
6
NG-RAN Architecture
6.1
Overview
>>>> Skip
6.1.x
Overall architecture for integrated access and backhaul

The overall architecture for integrated access and backhaul is depicted in Figure 6.1.x-1.
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Figure 6.1.x-1: Overall architecture for IAB
-
IAB supports the IAB-node and the IAB-donor gNB. 

-
The IAB-node consists of a mobile termination (MT) function and a gNB-DU function.

-
The IAB-donor gNB represents a gNB with additional functionality to support IAB.

- 
The IAB-node MT is connected via NR Uu interface to a gNB, where the gNB-CU resides on the IAB-donor and the gNB-DU resides on another IAB-node or the IAB-donor.

- 
On the control plane, the IAB-node DU is connected to the IAB-donor gNB-CU-CP via F1*-C, which represents a modified F1-C. F1*-C protocol layers are carried at least in part over radio protocol layers of the NR backhaul.

- 
On the user plane, the IAB-node DU is connected to the IAB-donor gNB-CU-UP via F1*-U, which represents a modified F1-U. F1*-U protocol layers are carried at least in part over radio protocol layers of the NR backhaul.

- 
The IAB-node MT and DU are connected to the same IAB-donor gNB-CU.

- 
All IAB-nodes connected to the same IAB-donor-CU via NR-Uu and F1* form an IAB topology. 
-
The IAB-topology can only have one IAB-donor CU.

-
The IAB-topology has hierarchical structure with the IAB-donor at the root. Within this topology, the IAB-node has parent nodes in northbound direction, i.e. toward the IAB-donor, and child nodes in southbound direction, i.e. away from the IAB-donor. 

-
The IAB-node can have multiple child nodes but only one or two parent nodes.

-
The IAB-topology represents a directed acyclic graph, i.e. an IAB-node cannot be descendant node and ancestor node of itself.

>>>> Skip
8
NG-RAN Architecture
8.9
Overall procedures involving E1 and F1
>>>> Skip
8.9.x
IAB-node integration


Editor’s note: The adaptation protocol will be renamed.
The IAB-node integrates into the network using SA-mode or NSA-node.

A high-level flow chart for SA-node-based IAB-node integration with NGC is shown in the Figure 8.9.x-1:
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Figure 8.9.x-1: IAB-node integration in SA-node with NGC
The SA-mode-based integration procedure contains the following phases:
Phase 1.
IAB-node MT setup. 
-
The IAB-node MT selects a suitable parent node such as an IAB-node or an IAB-donor-DU.


Editor’s note: Parent selection procedure needs to be added here.

-
The IAB-node MT connects to the network via the parent node DU the IAB-donor-CU using UE-Initial Access procedures described in clause 8.9.1 and in 23.502. In this procedure, the IAB-node MT authenticates to the core network. It establishes RRC connectivity to the IAB-donor CU.

Editor’s note: It needs to be clarified if the MT also establishes a DRB for its own traffic.
Editor’s note: Further discussion needed on modifications of the UE-Initial Access procedure for IAB.
- 
[The IAB-node MT establishes OAM connectivity and receives configuration for IAB-operation.]

Editor’s note: IAB-node’s OAM connectivity needs further discussion. This can, for instance, occur via a PDU session as it is done for UEs. In this case, the MT also needs a DRB. It is also possible that the MT obtains OAM connectivity via the BH TNL. In this case, establishment of OAM connectivity and OAM configuration would be part of Phase 2.2.
Phase 2.1:
Backhaul reconfiguration.

-
The IAB-donor-CU configures backhaul RLC-channels on the link between the IAB-node and its parent node and potentially on further upstream BH links in the IAB-topology.

-
The IAB-donor-CU configures the adaptation protocol for the IAB-node, and it updates routing entries on upstream nodes to support routing for the IAB-node on the NR backhaul.

- 
The IAB-node obtains an TNLA that is routable from the wireline fronthaul network via an IAB-donor-DU. 

- 
The IAB-donor-CU configures on the IAB-node the mapping between F1* connections and the underlying northbound RLC-channels (see TS 38.300).

Detailed steps on backhaul reconfiguration are described in 8.9.y below.

Phase 2.2:
IAB-node DU setup. 
-
This step uses the procedures defined in clause 8.5. The IAB-node DU uses the TNL connectivity established for the backhaul RLC-channels in phase 2.1.

Editor’s note: The IAB-node may use this procedure for OAM connectivity.
-
The IAB-node reports collocation of its gNB-DU and MT to the IAB-donor CU.

Editor’s note: The detailed procedure for this topology reporting has to be added here.
Phase 3:
The IAB-node provides service to UEs and to other IAB-nodes.
A high-level flow chart for NSA-mode-based IAB integration with EPC is shown in the Figure 8.9.x-2:
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Figure 8.9.x-2: IAB-node integration in NSA-node (EN-DC) with EPC
The NSA-mode-based integration procedure contains the following phases:
Phase 1.
IAB-node MT setup. 
-
The IAB-node MT performs connection setup procedure and authentication via LTE and eNB to the EPC. The eNB then provides an NR measurement configuration for the discovery and measurement of candidate parent nodes for IAB operation. Based on the measurement report, the eNB selects a suitable parent node. The IAB-node MT then connects to the parent IAB-node's DU and the corresponding IAB-donor CU via the EN-DC SN addition procedure described in clause 8.4.1. In this procedure, the IAB-node MT establishes an RRC connection to the IAB-donor-CU.

Editor’s note: The eNB’s parent selection procedure needs to be added here.
Editor’s note: It needs to be clarified if the MT also establishes a DRB for its own traffic (LTE and/or NR).
Editor’s note: Further discussion needed on modifications of the UE-Initial Access procedure for IAB.
- [The IAB-node MT establishes OAM connectivity and receives configuration for IAB-operation.]

Editor’s note: IAB-node’s OAM connectivity needs further discussion. This can, for instance, occur via a PDU session as it is done for UEs. In this case, the MT also needs a DRB. It is also possible that the MT obtains OAM connectivity via the BH TNL. In this case, establishment of OAM connectivity and OAM configuration would be part of Phase 2.2.
Phase 2.1:
Backhaul reconfiguration. This phase is the same as for SA-mode.

Phase 2.2:
IAB-node DU setup. This phase is the same as for SA-mode.

Phase 3:
The IAB-node provides service to UEs and to other IAB-nodes.
8.9.y 
Backhaul reconfiguration 

Backhaul reconfiguration is applied during IAB-integration and topology adaptation. Some of the procedures may also be applied when F1* connections are added, modified or released.

Backhaul reconfiguration includes:

-
Establishment, modification or release of NR backhaul RLC-channels. 

-
Establishment, modification or release of adaptation protocol identifiers, and reconfiguration of adaptation protocol routing tables entries.

- 
Establishment, modification or release of TNLA for NR backhauling from/to the wireline fronthaul network via an IAB-donor-DU.

- 
Establishment, modification or release of mapping between F1* connections and backhaul RLC channels. 
Figure 8.9.y-1 shows the flow chart of an example for the establishment/modifications/release of backhaul RLC channels along the route in a two-hop backhaul chain.
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Figure 8.9.y-1: Example for establishment/modification of backhaul RLC-channels

The flow chart includes the following steps:

1.
The IAB-donor-CU determines BH RLC-channels to be established, modified or released between IAB-node 1 and IAB-donor DU.

2.
The IAB-donor-CU establishes, modifies or releases a BH RLC-channel between IAB-donor-DU and the first hop IAB-node-2 MT. For this purpose, it uses the F1 UE Establishment/Modification and RRC Reconfiguration messages, respectively. 

3.
The IAB-donor-CU establishes, modifies or releases a BH RLC-channel between the first hop IAB-node-2 DU and the remote IAB-node-1 MT. For this purpose, it uses the F1 UE Establishment/Modification and RRC Reconfiguration messages, respectively.

Editor’s note: Adaptation protocol reconfiguration to be inserted
Editor’s note: TNLA reconfiguration to be inserted. 
8.9.z 
Topology adaptation

Editor’s note: This section captures the baseline scenarios and high-level procedures for topology adaptation based on TR 38.3874. Some modifications have been made to align the procedures of the TR with the style of 38.401.
Topology adaptation refers to procedures that modify the IAB-topology to ensure that the IAB-node can continue to operate, incl. providing coverage and end user service continuity, when the current active backhaul path is degraded or lost. 

Topology adaptation can be triggered by integration of an IAB-node to the topology, detachment of an IAB-node from the topology, detection of backhaul-link over load, deterioration of backhaul link quality or link failure, or other events.  
Topology adaptation supports the following scenarios:

- 
Migration of IAB-node to a new parent node. The new parent may be connected to the same or a different IAB-donor-CU.

- 
Establishment, release or change of topological redundant routes. Topological redundancy is only supported underneath the same IAB-donor CU.

- 
Backhaul RLF-recovery. This includes discovery of BH RLF and recovery via switching to a redundant backhaul route or via migration to a new parent node connected to the same or a different IAB-donor-CU.
8.9.z.1
IAB-node migration

Figure 8.9.z.1-1 shows a scenario where an IAB-node migrates to a new parent node, which is connected to the same IAB-donor CU. In this scenario, the route via the new parent node runs across a different IAB-donor-DU.
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Figure 8.9.z.1-1: Example for IAB-node migration at same IAB-donor CU

Figure 8.9.z.1-2 shows the procedure of intra-CU IAB-node migration for the example in Figure 8.9.x.1-1. 
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Figure 8.9.z.1-2: Procedure for IAB-node migration at same IAB-donor CU

This procedure contains the following steps:

1. 
The migrating IAB-node-MT performs steps 1 to 10 of the Inter-gNB-DU mobility procedure defined in clause 8.2.1.1. 

2. 
Backhaul reconfiguration, which includes:

- 
Establishment of NR backhaul RLC-channels on the NR BH link between the migrating IAB-node and the new parent node (IAB-node 4), and potentially establishment of additional RLC-channels on NR BH link upstream of the new parent node. 

- 
Configuration of a new route on the adaptation protocol layer (Route B). This may include update of routing table entries on all nodes on the new route (IAB-nodes 2 and 4 and IAB-donor DU 2). [It may include configuration of a new adaptation protocol routing identifier.]

Editor’s node: Revision necessary based on specification of adaptation protocol. 

- 
Assignment of a new TNLA to the migrating IAB-node to provide IP routability from the CU via the new IAB-donor-DU (i.e. IAB-donor DU 2). This step may not be necessary in case the IAB-donor-DU has not changed.
Editor’s node: Revision necessary based on TNLA assignment rules. 

- 
Potentially, mapping between F1* connections and backhaul RLC channels on the new route.

3. 
In case the migrating IAB-node’s TNLA has changed: The IAB-donor CU redirects the migrating IAB-node-DU’s F1*-C to the new TNLA, establishes new F1*-U tunnels based on the new TNLA, and migrates the UE-bearers to these new F1*-U tunnels.  

4. 
The IAB-donor releases state on the old NR link between the migrating IAB-node and the old parent (IAB-node 3) using steps 11 and 12 of the Inter-gNB-DU mobility procedure (clause 8.2.1.1).

5. 
Backhaul reconfiguration: The IAB-donor releases state of old NR BH RLC channels and adaptation protocol route (Route A). The old TNLA may be released, too.

Steps 2 to 5 have to be repeated for all descendant IAB-nodes of the migrating IAB-node.

Figure 8.9.z.1-3 shows a scenario where an IAB-node migrates to a new parent node, which is connected to a different IAB-donor CU.
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Figure 8.9.z.1-3: Example for IAB-node migration to different IAB-donor CU

Figure 8.9.z.1-4 shows the procedure of inter-CU IAB-node migration for the example in Figure 8.9.x.1-3. In this procedure, the migrating IAB-node is moved from one IAB-topology to another.
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Figure 8.9.z.1-4: Procedure for IAB-node migration to different IAB-donor CU
This procedure contains the following steps:

1.
The migrating IAB-node MT performs inter-gNB handover involving gNB-CU-UP change procedure from the source IAB-donor (IAB-donor 1) to the target IAB-donor (IAB-donor 2) defined in clause 8.9.4. 

2.
The migrating IAB-node DU discontinues service to UEs and F1* connections to the source IAB-donor are released. 

3.
Backhaul reconfiguration: The source IAB-donor (IAB-donor 1) releases all state related to NR BH RLC-channels and adaptation protocol layer state on the old route (Route A). The old TNLA may be release, too. 

4.
UEs connected to the migrating IAB-node DU discover RLF.

5. 
The migrating IAB-node initiates phases 2a, 2b and 3 of the IAB-node integration procedure at the target IAB-donor (IAB-donor 2) via the new parent node (IAB-node 4). OAM configuration may be left out during this topology adaptation step. Phase 2b establishes a new gNB-DU on the migrating IAB-node, which starts providing service in phase 3.

6.
The UEs formerly connected to the migrating IAB-node discover and select the new gNB-DU.

7.
The UEs perform RRC Connection Reestablishment procedure (clause 8.7) at the new gNB-DU at the migrating IAB-node. 
In case the migrating IAB-node has a child node, the child-node’s MT undergoes RLF discovery with subsequent RRC Connection Reestablishment at its parent’s new gNB-DU as described for the UE in steps 4, 6 and 7. Then, the child-node’s own gNB-DU discontinues service and reconnects as a new DU at the target IAB-donor as described in steps 2 to 7. The same procedure is performed incrementally by all descendant nodes of the migrating IAB-node.

8.9.z.2
Topological redundancy

Figure 8.9.z.2-1 shows a scenario where an IAB-node establishes a redundant route via a second parent node in the same IAB topology. This scenario leverage NR-NR DC and therefore only applies to IAB-nodes operating in SA mode.
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Figure 8.9.z.2-1: Example for creating redundant route between IAB-node and IAB-donor CU

Figure 8.9.z.3-2 shows the procedure for establishment of a redundant route within the same IAB-topology for the example scenario of Figure 8.9.z.3-2. 
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Figure 8.9.z.2-2: Procedure for creating redundant route within same IAB topology
This procedure contains the following steps:

1.
The dual-connecting IAB-node MT adds a link to a SCG using the Secondary Node Addition for procedure (clause 8.4.1.2). 

2.
Backhaul reconfiguration: Same as step 2 for IAB-node migration.

3. 
In case of new TNLA, the Addition of TNLA procedure is applied for F1*-C to support C-plane redundancy (clause 8.8). For U-plane, F1*-U tunnels can be switched to the new route as described in step 3 for IAB-node migration. Alternatively, a duplicate F1*-U tunnel is established to support PCDP duplication for a UE-bearer across both routes (Route A and Route B). 

4. 
F1*-U can be switched between both routes, e.g., based on backhaul link quality, load, etc.
8.9.z.3
Backhaul RLF recovery

Figure 8.9.z.3-1 shows a scenario for backhaul RLF recovery using a redundant backhaul route that is already available.
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Figure 8.9.z.3-1: Example for BH-RLF recovery via redundant backhaul route

Figure 8.9.z.3-2 shows the procedure of backhaul RLF recovery for the scenario shown in Figure 8.9.z.3-1.
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Figure 8.9.z.3-2: Procedure for BH-RLF recovery via redundant backhaul route
This procedure contains the following steps:

1.
The IAB-node-MT’s RLM discovers RLF at the SCG backhaul link. 

Editor’s note: It may also be informed about RLF at a further upstream backhaul link based on BH RLF notification.
2.
The IAB-node-MT sends a measurement report on MCG backhaul link including information on the RLF on the SCG backhaul link.

3. The IAB-donor CU releases the TNLA of the route across the failed BH link (Route B) for F*-C. It migrates F1*-U from Route B to Route A.

 Editor’s note: the flip scenario needs to be discussed where the MCG BH link fails and the measurement report is sent on the SCG link.

Figure 8.9.z.3-3 shows a scenario for backhaul RLF recovery at a new parent connected to the same IAB-donor CU.
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Figure 8.9.z.3-3: Example for BH-RLF recovery at new parent underneath same IAB-donor CU

Figure 8.9.z.3-4 shows the procedure of backhaul RLF recovery at a new parent underneath the same IAB-donor CU shown in Figure 8.9.z.3-3.
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Figure 8.9.z.3-3: Recovery for BH-RLF recovery at new parent underneath same IAB-donor CU
This procedure contains the following steps:

1.
The IAB-node-MT’s RLM discovers RLF at NR backhaul link. 

Editor’s note: It may also be informed about RLF at a further upstream backhaul link based on BH RLF notification.
2.
The IAB-node-MT initiates the RRC Connection Reestablishment Procedure via the new parent node (IAB-node-4) according to clause 8.7.

Editor’s note: It needs to be discussed how the IAB-node-MT identifier that the new parent node belongs to the same IAB-donor CU.
This procedure continues with step 2 of the IAB-node migration procedure to the same IAB-node CU.

Figure 8.9.z.3-5 shows a scenario for backhaul RLF recovery at a new parent connected to a different IAB-donor CU.
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Figure 8.9.z.3-5: Example for BH-RLF recovery at new parent underneath different IAB-donor CU

Figure 8.9.z.3-6 shows the procedure of backhaul RLF recovery at a new parent underneath a different IAB-donor CU as shown in Figure 8.9.z.3-5.
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Figure 8.9.z.3-6: Procedure for BH-RLF recovery at new parent underneath different IAB-donor CU
This procedure contains the following steps:

1.
The IAB-node-MT’s RLM discovers RLF at NR backhaul link. 

Editor’s note: It may also be informed about RLF at a further upstream backhaul link based on BH RLF notification.
2.
The IAB-node-MT initiates the RRC Connection Reestablishment Procedure at a different parent node (IAB-node-4) according to clause 8.7.

Editor’s note: It needs to be discussed how the IAB-node-MT identifier that the new parent node belongs to a different IAB-donor CU.
This procedure continues with step 2 of the IAB-node migration procedure at a different IAB-node CU.

8.9.z.4
Backhaul RLF notification
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Figure 8.9.z.4-1: Downstream BH RLF notification
The IAB-node can inform a child node about upstream BH RLF via a BH RLF notification message. This allows the child node to take proactive measures for BH RLF recovery. 

The IAB-node learns BH RLF on its own BH link via RLM. It may learn about upstream BH RLF through reception of the BH RLF notification message.
Editor’s note: BH RLF notification needs further discussion.
>>>> Skip
9
Synchronization

9.1
gNB Synchronization

>>>> Skip
9.2
IAB Synchronization

To ensure TDM-based resource allocation among adjacent backhaul and access links at IAB-nodes, all IAB-donor-DUs and IAB-nodes within an IAB-topology should operate synchronously. 

Node synchronization among nodes in the IAB-topology can be achieved via GNSS or via OTA-synchronization.

The gNB-DUs of all nodes within the IAB-topology aim to time align the frame boundaries for DL transmissions. 

The MT of an IAB-node time aligns its UL transmission based on instructions from its parents gNB-DU using NR Uu procedures. 

Editor’s note: Further details on synchronization will be added here.

********* End of Change **********
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