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Introduction
The study item on integrated access and backhaul aims at supporting NR nodes/cells (in this paper called IAB nodes) which are self-backhauled using the NR radio interface to other NR nodes (gNBs) which are connected to a traditional transport network. The purpose of this contribution is to discuss if integrated access and backhaul should be supported both when using stand-alone NR and when using EN-DC on the access and/or on the backhaul links. The contribution also addresses minimum CN functions needed to support the IAB backhaul interface. 
[bookmark: _Ref178064866]Using EN-DC and SA NR on the access link
From the RAN2 agreement both SA and NSA (EN-DC) on access link shall be supported. 
An example deployment for IAB using EN-DC could be a macro grid LTE network which is densified by adding new micro nodes which some are backhauled using IAB. In this example scenario the macro sites are upgraded to also support NR (in addition to LTE) and the micro sites only support NR as shown in the figure below:
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In this case, it should be possible to operate in EN-DC utilizing LTE wide area coverage and NR as a data boost. The EN-DC solution allows separation of the LTE and NR using non-ideal transport meaning it should be feasible for the EN-DC solution to support the IAB scenario where the NR node serving the UE is wirelessly backhauled using another NR node. Below is a figure showing a high-level logical architecture for this scenario where the NR node being wirelessly backhauled over NR (labelled NR IAB Node) performs the functions of an en-gNB-DU serving the NR SCG link. 
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[bookmark: _Toc502748732][bookmark: _Toc502911774][bookmark: _Toc503436420][bookmark: _Toc503436494][bookmark: _Toc503437628][bookmark: _Toc505847857][bookmark: _Toc506550325][bookmark: _Toc506550360][bookmark: _Toc506558814][bookmark: _Toc510626542][bookmark: _Toc510679924][bookmark: _Toc510679954]The existing EN-DC solution, including X2 interface functions, should be applicable for IAB nodes supported EN-DC UEs.
[bookmark: _Toc506550326][bookmark: _Toc506550361][bookmark: _Toc506558815][bookmark: _Toc510626543][bookmark: _Toc510679925][bookmark: _Toc510679955]No IAB specific impact is foreseen on the LTE eNB for supporting EN-DC on the access link.

It is assumed that integrated access and backhaul should be supported also in stand-alone NR deployment, for this reason we assume that the standard should support IAB also when using stand-alone NR both on the access and backhaul link to allow full NR only deployments as shown in the figure below. 
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Using EN-DC and SA on backhaul link
Given that the IAB backhaul link is a network internal link there is more flexibility how this link would need to be realized compared to the access link which needs to inter-work with millions of devices/UEs (including legacy devices). For this reason, it could be discussed if both EN-DC and SA NR should also be supported on the backhaul link. This scenario and its high level logical architecture are illustrated in the figure below.
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One argument for supporting EN-DC could be if the rest of the network (incl. the Packet Core) do not support stand-alone NR it would not be feasible to connect the IAB node using stand-alone NR.
[bookmark: _Toc502911771][bookmark: _Toc503436416][bookmark: _Toc503436490][bookmark: _Toc503437624][bookmark: _Toc505847853][bookmark: _Toc506550255][bookmark: _Toc506550320][bookmark: _Toc506558808][bookmark: _Toc510679919]Supporting EN-DC on the IAB backhaul link would be useful in networks that do not support stand-alone NR.
On the other hand, since on the backhaul link both nodes are network nodes, it is at least easier to upgrade them to support stand-alone NR. Other arguments why stand-alone NR might be enough for the backhaul link is that it is expected that the IAB node should be deployed at a site with good NR coverage and would not require LTE from radio coverage perspective.
[bookmark: _Toc502911772][bookmark: _Toc503436417][bookmark: _Toc503436491][bookmark: _Toc503437625][bookmark: _Toc505847854][bookmark: _Toc506550256][bookmark: _Toc506550321][bookmark: _Toc506558809][bookmark: _Toc510679920]IAB nodes are expected to be deployed at sites with good NR coverage, meaning EN-DC on the backhaul link is not required from a radio coverage perspective. 
Another potential issue with supporting both EN-DC and SA on the backhaul link is that this requires, from standardization point of view, 2 different CN solutions as well as 2 different NAS protocols for providing connectivity functionality for the IAB node. It may also be so that the solution would look different between the two CNs since the different functional splits and CP/UP separation is applied in EPC and 5GC. 
[bookmark: _Toc503436418][bookmark: _Toc503436492][bookmark: _Toc503437626][bookmark: _Toc505847855][bookmark: _Toc506550257][bookmark: _Toc506550322][bookmark: _Toc510679921][bookmark: _Toc506558810]Supporting EN-DC and SA on backhaul link may require, from standardization point of view, the support for 2 different CN solutions and NAS protocols for providing connectivity functionality for the IAB node. The solutions could also be affected by the different functional splits and CP / UP separation of EPC and 5GC. 
[bookmark: _Toc506550258]A further issue with using EN-DC for the backhaul link is that most likely this means that IAB specific functionality may also be required in the LTE eNB serving the IAB node, as the functionalities needed at the LTE MN for serving the IAB node can be quite different from that needed for serving a UE. Exactly what functionalities are needed remains to be seen, but at least there could be some basic functionality related to CN selection, slicing etc that are not applicable to a UE. 
[bookmark: _Toc506550259][bookmark: _Toc506550323][bookmark: _Toc506558811][bookmark: _Toc510679922]Supporting EN-DC on the backhaul link will most likely impact the LTE eNBs (MN) serving the IAB nodes.
Nevertheless, if there is a strong market need to support both EN-DC and SA NR also on the backhaul link, it is assumed this is technically possible to support in the same way as for the access link. For EN-DC, the IAB node will initially connect to LTE and then it will be assigned a secondary NR node and NR SCG radio configuration, while for NR SA the IAB node will connect directly to NR nodes. It is assumed that the IAB node will in most cases stay in RRC connected / DC when serving traffic to the end-user. It is also assumed that most of the data should go on the NR radio leg (i.e. SCG bearer), meaning that once the IAB node is connected, the solutions for both the EN-DC and SA backhaul link would look quite similar. 
[bookmark: _Toc505847856][bookmark: _Toc506550260][bookmark: _Toc506550324][bookmark: _Toc506558812][bookmark: _Toc510679923]Once the IAB node is in connected state, the EN-DC and SA NR solution for the backhaul link would look quite similar, assuming only the NR leg is used for data transfer.

CN functions for supporting IAB nodes
Assuming it is required to support both EN-DC and SA NR on the IAB backhaul link, it would be very beneficial to minimize the differences between the two solutions. Below are some approaches that should be further studied.
Utilize NR slicing, and (e) Decore to assign a dedicated CN to handle IAB nodes
Both NR/5GC and LTE/EPC provide mechanisms for selecting a dedicated CN for certain devices. Utilizing a dedicated CN for IAB nodes is beneficial since it avoids impacts to the CN serving end users and it allows the CN to be tailored to serve the specific needs of the IAB nodes (e.g. only support minimum functionality needed). It also would make it possible for the operator to package all CN functions serving IAB nodes using both EN-DC and SA NR together. 
[bookmark: _Toc505847859][bookmark: _Toc506550328][bookmark: _Toc506550363][bookmark: _Toc506558817][bookmark: _Toc510626544][bookmark: _Toc510679926][bookmark: _Toc510679956]Slicing and (e)Decore should be explored to support IAB nodes in a dedicated CN tailored to support IAB nodes only.
Only support minimum CN functionality for IAB node
Another way to minimize the differences between EN-DC and SA NR is to only support a minimum subset of CN functions to setup IAB nodes. It is assumed at least the following functions would be needed:
· Authentication and Session key generation for IAB nodes
· Assignment of IP address to the IAB node
· Selection of UPF, and P/S-GW function (all the RAN nodes could potentially “recommend” which GW to use as discussed for SIPTO in LTE)
· Creation of RAN context for IAB nodes (security keys, initial bearers, possible UE radio access capabilities)
Mobility functions, or advanced QoS functions etc. may also not be needed. Functions that could easily be handled by RAN are also not needed. 
[bookmark: _Toc505847860][bookmark: _Toc506550329][bookmark: _Toc506550364][bookmark: _Toc506558818][bookmark: _Toc510626545][bookmark: _Toc510679927][bookmark: _Toc510679957]Only minimum CN/NAS functionality should be specified for allowing IAB nodes to connect to the network. Details are FFS.
IAB node authentication
[bookmark: _Toc510679928]Currently the 5GC supports multiple authentication mechanism including EAP based methods. Given that the IAB node is a network node it might not make so much sense to use an USIM based authentication e.g. since it is better tailored for end user devices and would require additional hardware in the IAB node. Instead it is preferred to use certificate-based authentication as typically used today for network nodes.
[bookmark: _Toc510679929][bookmark: _Toc510679958]Certificate based authentication mechanism such as EAP-TLS (captured in 33.501 B.2.1) should be considered for IAB nodes using NR standalone.
In earlier sections we made the following observations:

Observation 1	Supporting EN-DC on the IAB backhaul link would be useful in networks that do not support stand-alone NR.
Observation 2	IAB nodes are expected to be deployed at sites with good NR coverage, meaning EN-DC on the backhaul link is not required from a radio coverage perspective.
Observation 3	Supporting EN-DC and SA on backhaul link may require, from standardization point of view, the support for 2 different CN solutions and NAS protocols for providing connectivity functionality for the IAB node. The solutions could also be affected by the different functional splits and CP / UP separation of EPC and 5GC.
Observation 4	Supporting EN-DC on the backhaul link will most likely impact the LTE eNBs (MN) serving the IAB nodes.
Observation 5	Once the IAB node is in connected state, the EN-DC and SA NR solution for the backhaul link would look quite similar, assuming only the NR leg is used for data transfer.

Based on the discussion in earlier sections we propose the following:

Proposal 1	The existing EN-DC solution, including X2 interface functions, should be applicable for IAB nodes supported EN-DC UEs.
Proposal 2	No IAB specific impact is foreseen on the LTE eNB for supporting EN-DC on the access link.
Proposal 3	Slicing and (e)Decore should be explored to support IAB nodes in a dedicated CN tailored to support IAB nodes only.
Proposal 4	Only minimum CN/NAS functionality should be specified for allowing IAB nodes to connect to the network. Details are FFS.
Proposal 5	Certificate based authentication mechanism such as EAP-TLS (captured in 33.501 B.2.1) should be considered for IAB nodes using NR standalone.
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