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1	Introduction
This document summarizes the present status of RAN WI NR_IAB for the support SA3 FS_NR_IAB_Sec. 

· Section 2 includes objectives from RAN WID for NR_IAB with RAN2 and RAN3 lead [1].

· Section 3 includes highlights of latest draft running CR 38.300 for IAB, currently in RAN2 email discussion, and latest draft running CR 38.401 for IAB to be approved in next RAN3 meeting. 

· Section 4 includes agreements from last RAN2 and RAN3 meetings on IAB.

· The appendix includes a description of IAB architecture 1a from TR 38.874 [2], which is referenced in the RAN IAB WID. 

2	RAN IAB WID objectives
The RAN WID for NR_IAB establishes the following objectives in the core part with RAN2 or RAN3 lead:

	The objectives of IAB for NR WI follow the recommendations by the study item on IAB for NR, which are defined in TR 38.874. With these recommendations, IAB supports the following features:
· Multi-hop backhauling for flexible range extension for both FR1 and FR2.
· Topology adaptation including redundant connectivity to optimize backhauling performance and to respond to backhaul (BH) link failure.
· Mapping of UE bearers to backhaul RLC channels and QoS enforcement over backhaul RLC channels to meet E2E QoS requirements. 
· Scalability to a large number of UEs.
· Flexible deployment allowing IAB-node operation in EN-DC mode with EPC or in SA-mode with 5GC.
· Support for NR-NR DC from the UE and IAB-node perspective (see NOTE 1)
· Efficient operation for both inband and out-of-band relaying. 
· OTA synchronization across IAB topology.
· Support of Rel-15 UEs.

Detailed objectives of the work item include:
· 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. 
· 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).





3	Highlights of stage-2 running CRs for IAB
This section summarizes the highlights from the latest draft running CRs for 38.300 and 38.401. The draft running CRs are based on agreements during the last RAN2 and RAN3 meetings. They are still pending on final approval by RAN2 and RAN3. 
The following contains new abbreviations and definitions combined from both running CRs:
	3	Abbreviations and Definitions
3.1	Abbreviations
BH		Backhaul
IAB	Integrated Access and Backhaul
	MT	Mobile Termination

3.2	Definitions
IAB-donor: gNB that provides network access to UEs via a network of backhaul and access links
IAB-donor-CU: the gNB-CU of an IAB-donor gNB, terminating the F1 interface towards IAB-nodes and IAB-donor-DU.
IAB-donor-DU: the gNB-DU of an IAB-donor gNB, hosting the IAB Adaptation layer (as defined in TS 38.xxx [x]), providing wireless backhaul to IAB-nodes.
IAB-node: RAN node that supports NR access links to UEs and NR backhaul links to parent nodes and child nodes.
NR backhaul link: NR link used for backhauling between an IAB-node and an IAB-donor-gNB, and between IAB-nodes in case of a multi-hop backhauling.
Upstream: Direction toward parent node in IAB-topology
Downstream: Direction toward child node or UE in IAB-topology
Parent node: IAB-node-MT’s next hop neighbour node; the parent node can be IAB-node or IAB-donor-DU
Child node: IAB-node-DU’s next hop neighbour node; the child node is also an IAB-node
Multi-hop backhauling: Using a chain of NR backhaul links between an IAB-node and an IAB-donor-gNB.



The following contains overall archtiecture and protocol stacks for IAB from draft running CR 38.300:
	Overall Architecture and Functional Split
4.1	Overall Architecture
4.x	Integrated Access and Backhaul
4.x.1	Architecture 
Integrated access and backhaul enables wireless relaying for NR access by using NR for backhauling. The relaying node is referred to as the IAB-node. The terminating node of NR backhauling on network side is referred to as the IAB-donor gNB, which represents a gNB with additional functionality to support IAB.
Backhauling can occur via a single or via multiple hops. 
The IAB-node supports gNB-DU functionality 1) to terminate NR access interface to UEs and IAB-nodes, and 2) to support F1 protocol to the gNB-CU on the IAB-donor. The neighbour node on the DU’s NR access interface is also referred to as child node.
NOTE:	The architecture and the F1 interface for a functional split are defined in TS 38.401.
The IAB-node also supports the NR Uu radio interface, referred to as MT functionality, 1) to connect to the DU of another IAB-node or the IAB-donor, and 2) to connect to the gNB-CU on the IAB-donor via RRC. The neighbour node on the MT’s NR Uu radio interface is also referred to as parent node.
All IAB-nodes that are connected to an IAB-donor via one or multiple hops form a directed-acyclic-graph (DAG) topology with the IAB-donor at its root. In this DAG topology, upstream refers to the direction of the parent node while downstream refers to the direction of the child node.
The IAB-node can access the network using either SA-mode or EN-DC. In EN-DC, the IAB-node also connects via E-UTRA to a MeNB, and the IAB-donor terminates X2-C as SgNB.

 Figure 4.x.1-1: IAB architecture; a) IAB-node using SA mode with NGC; b) IAB-node using EN-DC
4.x.2	Protocol stacks
Fig. 4.x.2-1 shows the protocol stack for F1-U and Fig. 4.x.2-2 shows the protocol stack for F1-C. In these figures, F1-U and F1-C are carried over two backhaul hops.
 Note: F1 needs to be security-protected as described in TS 33.501.
Editor’s note: These protocol stacks do not include F1 security layer, e.g., as mandated by TS 33.501. They may have to be revisited based on discussions by SA3.


Fig. 4.x.2-1: Protocol stack for the support of F1-U protocol


Fig. 4.x.2-2: Protocol stack for the support of F1-C protocol





The following contains overall archtiecture and protocol stacks for IAB from draft running CR 38.401.
Note: Figure 6.1.x-1 on the Overall architecture of IAB below has been modified over the draft running CR 38.401. For more clarity, the modified version of the running CR includes gNB-function and MT-functions (in dashed outline) within the IAB-node. 

	4.3	F1 interface capabilities 
The F1 interface supports:
…
-	procedures to establish, maintain and release BH RLC channels;
…
-	the separation of each IAB-node MT functionality on the protocol level for IAB-node MT functionality-specific signalling management;
NOTE: Naming alternatives for the IAB-node MT functionality are FFS.
…
5.2.3	F1 UE context management function
…
In addition, for IAB nodes and IAB-donors:
The F1 UE context management function is used to manage BH RLC channels, i.e., establishing, modifying and releasing BH RLC channel resources. The establishment of BH RLC channels is triggered by the IAB-donor-CU. The establishment and modification is accepted/rejected by the IAB-node’s parent, based on e,g, resource reservation information and QoS information to be provided to the IAB-node’s parent. 
Editor’s note: it is necessary to define an overall term to refer to both IAB-nodes and IAB-donor.
…
5.2.4	RRC message transfer function
…
For IAB nodes, this function in addition allows to transfer RRC messages for setting up and configuring the child IAB-node part of the BH RLC channel. These RRC messages are carried on F1-C between the IAB-donor-CU and the DU functionality of the IAB-node’s parent i.e. the DU side of the BH RLC channel.
…
6	NG-RAN Architecture
6.1	Overview
…
6.1.2	Overall architecture for separation of gNB-CU-CP and gNB-CU-UP
The overall architecture for separation of gNB-CU-CP and gNB-CU-UP is depicted in Figure 6.1.2-1.


Figure 6.1.2-1. Overall architecture for separation of gNB-CU-CP and gNB-CU-UP 
-	…
-	The gNB-CU-CP is connected to the gNB-DU through the F1-C interface. In case of IAB-node, the F1-C traffic is backhauled via the IAB-donor-DU and intermediate IAB-node(s);
-	The gNB-CU-UP is connected to the gNB-DU through the F1-U interface. In case of IAB-node, the F1-U traffic is backhauled via the IAB-donor-DU and intermediate IAB-node(s);

-	…
…
6.1.x	Overall Architecture of IAB


Figure 6.1.x-1: Overall architecture of IAB
The NG-RAN supports IAB by the IAB-node wirelessly connecting to the gNB capable of serving the IAB-nodes, named IAB-donor gNB. 
The IAB-donor gNB consists of an IAB-donor-CU and one or more IAB-donor-DU(s). In case of separation of gNB-CU-CP and gNB-CU-UP, the IAB-donor gNB may consist of an IAB-donor-CU-CP, multiple IAB-donor-CU-UPs and multiple IAB-donor-DUs.
The IAB-node connects to an upstream IAB-node or an IAB-donor-DU via a subset of the UE functionalities of the NR Uu interface (named IAB-MT function of IAB-node). The IAB-node provides wireless backhaul to the downstream IAB-nodes and UEs via the network functionalities of the NR Uu interface (named IAB-DU function of IAB-node).  




4	Agreements from RAN2 and RAN3 meetings
4.1	Agreements from RAN2 meetings
[bookmark: _Hlk7115563]Note: The Adaptation layer has been renamed to Backhaul Adaptation Protocol (BAP)
The following agreements were reached in RAN2 #105 [3]:
	Adaptation layer functionality
-	RAN2 confirms that routing and bearer mapping (e.g. mapping of BH RLC channels) are adaptation layer functions
-	RAN2 assumes that the TX part of the adaptation layer performs routing and “bearer mapping”, and the RX part of the adaptation layer performs “bearer de-mapping”.
-	RAN2 assumes that SDUs are forwarded from the RX part of the adaptation layer to the TX part of the adaptation layer (for the next hop) for packets that are relayed by the IAB node.
-	It is FFS how to model adaptation layer protocol entities, e.g. whether separate for DU and MT or not, and how these are configured, i.e. via F1-AP or RRC.
L2 configuration
-	RAN2 assumes that IAB-donor CU is controlling the setup and modification of all backhaul channels in the IAB network below the IAB-donor.
-	RAN2 assumes that a separate BH RLC channel should be setup for each UE DRB with one-to-one bearer mapping. 
-	RAN2 assumes that for a UE DRB with many-to-one bearer mapping, a BH RLC channel associated with IAB node existing BH RLC channel might be reused as BH RLC channel to forward traffic of this UE DRB (e.g. if the BH RLC channel supports the required UE DRB QoS).
-	RAN2 assumes that IAB-donor CU configures the adaptation layer.
- 	RAN2 assumes that routing is a function of the adaptation layer. 
-	The details of the routing functionality, e.g. what is configured vs. what is decided locally, is FFS. 
BH radio-link failure
-	RAN2 assumes that there is a RLF-notification at BH RLF, at least to downstream node(s).
-	Alternate routes and/or Dual Connectivity could be utilised at recovery at a failure of a BH link. 
-	Current UE RLF detection and recovery is reused as baseline
-	It is FFS, whether other indications are needed, e.g. when link has recovered, or when recovery is in progress.



The following agreements were reached in RAN2 #105bis [4]:
	Agreements from email discussion 105#45: IAB Miscellaneous:
· The name of the “adapt’ is “Backhaul Adaptation Protocol” “BAP”
· 1-1 agreed with comments
· 1-2 agreed as baseline (can polish the wordings)
· 2 agreed with removal F1-U and F1-C from the figures
· 4 is agreed
· 6 is agreed
· One method by which the IAB-node can reduce UL scheduling latency is through signalling of SR and/or BSR to its parent node, e.g., based on UL grants provided to child nodes and/or UEs, or based on SRs and/or BSRs from a child nodes or UEs.
· The IAB system should provide lossless end-to-end packet delivery. Enhancements to existing mechanisms, if needed, are FFS.
· 9 is agreed, with the understanding that intra-donor cases have priority. 
· 10, 11 are agreed

Agreement on multi-connectivity:
· R2 assumes that the NR DC framework (e.g. MCG SCG related procedures) is used to configure dual radio links used as IAB bh links with two parent nodes.

Agreements on bearer mapping:
· Confirm that the intention is to support 1-to-1 and 1-to-N bearer mapping, for UE bearers, at least for UP. 
· For user plane, The UL mapping in the IAB access node to BH RLC channels should be based on the knowledge about UE bearers (identified with GTP TEID) 
· For control plane (F1-C messages) The UL mapping in the IAB access node to BH RLC channels should be based on F1-C message type. FFS if per UE.
· FFS if the mapping should also consider DSCP/Flow labels (e.g. as an intermediate step).
· Observation: The UL/DL mapping in intermediate IAB node(s) to egress BH RLC channel will take into account ingress BH RLC channel. 
· FFS: The UL/DL mapping in intermediate IAB node(s) to egress BH RLC channel could also take into account some ID(s) (from Adaptation Layer). 
· The above two Bullets are applicable for all types of traffic (e.g. UP, CP, OAM).


Agreements on BAP routing:
· Routing delivers a packet to a destination node by selecting a next backhaul link among given multiple backhaul links at an IAB node and an IAB donor node as a baseline.
· “Destination IAB node/IAB donor-DU address” and “Specific path identifier” (carried in the BAP) are considered as candidate for route identifier for routing at an adaptation layer. Additional required information for routing is FFS
· “Destination IAB node/IAB donor-DU address” and/or “Specific path identifier” is unique within an IAB donor-CU. 
· FFS what ID is used to identify the egress link (next hop link) in routing table. C-RNTI alone will not be used for this purpose. 
· Load balancing by routing by Donor CU shall be possible
· Local selection of path/route is done at link failure, other cases FFS




4.1	Agreements from RAN3 meetings
The following agreements were reached in RAN3 #103:
	1. The donor needs to know that the IAB-node MT is not a normal UE

2. SA for IAB node: 
AMF includes “IAB Authorized” IE in the INITIAL CONTEXT SETUP REQUEST/CONTEXT MODIFICATION REQUEST messages

3. NSA for IAB node: 
MME includes “IAB Authorized” IE in the INITIAL CONTEXT SETUP REQUEST/CONTEXT MODIFICATION REQUEST messages
The eNB should include “IAB Authorized” IE in SgNB ADDITION REQUEST/MODIFICATION REQUEST messages

4. Routing/forwarding for F1-C and for F1-U should be the same



The following agreements were reached in RAN3 #103bis:
	IAB node indication to CN – to be signaled in INITIAL UE MESSAGE (details FFS)

No need for explicit indication over F1AP from donor CU to parent DU

An F1AP procedure is used to configure BH RLC channels (detailed info up to RAN2); FFS whether it’s a new procedure or an existing one

IAB node indication is transferred over Xn/X2 HO signaling (i.e. the HO of the IAB node itself)
 
Where does DU get IP address from? How?
· DU IP address needs to be different from MT IP address
· DU IP address needs to be routable
· IAB-DU IP address may be assigned by donor DU or by donor CU; if assigned by donor DU, DHCP is used (donor DU may act as DHCP server or as DHCP proxy)

Node deregistration:
· The existing NAS Deregistration procedure shall be reused for the IAB node release procedure.
· The existing NGAP UE Context Release procedure can be reused for releasing the MT context in the RAN.
· For the disorderly release case, it should be left to network implementation how to cope with the issue of hanging contexts.

Intra-donor transport
· For 1:1 mapping, the use of GTP tunnel ID to identify a DRB between donor CU and donor DU is confirmed
· Working Assumption: adopt IPv6 flow labels for 1:1 mapping; FFS whether to also use DSCP
· LS sent to RAN2; support from operators for RAN2  R3-191386
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The objectives of IAB for NR WI follow the recommendations by the study item on IAB for NR, which are defined  in TR 38.874. With these recommendations, IAB supports the followin g features:      M ulti - hop  backhauling for flexible range extension for both FR1 and FR2.      Topology adaptation including redundant connectivity to optimize backhauling performance and to respond  to backhaul (BH) link failure.      Mapping of  UE   bearer s to backhaul RL C channels and  QoS  enforcement over  backhaul  RLC channels to  meet E2E QoS requirements.       Scalability to a large number of UEs.      Flexible deployment allowing IAB - node operation in EN - DC mode with EPC or in SA - mode with 5GC.      Support for NR - NR DC from the UE  and IAB - node perspective (see NOTE   1)      Efficient operation for both i nband and out - of - band   relaying.       OTA synchronization across IAB topology.      Support of  Rel - 15  UEs .     Detailed objectives  of the work item include :      Specification of an IAB - node following architecture 1a including [RAN2 - led, RAN3]:    o   Routing function on IAB - node to support forwarding across the multi - hop topology based on  routing identifier.    o   Hop - by - hop propagation of signalling to support low latency s cheduling (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).    o   UE - bearer to BH RLC - channel mapping and mapping between ingress and egress BH R LC  channels functions for support of one - to - one and many - to - one bearer mapping.    

