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[bookmark: _Toc509506724][bookmark: _Toc509506904]Introduction
[bookmark: _Hlk509572055]In the RAN2_105 meeting, the modelling of the adaptation (BAP) layer has been discussed and the agreements were:
	Agreements:
· RAN2 confirms that routing and bearer mapping (e.g. mapping of BH RLC channels) are adaptation layer functions
· R2 assumes that TX part of adaptation layer performs routing and “bearer mapping”, RX part of adaptation layer performs “bearer demapping”
· R2 assumes that SDUs are forwarded from RX part of adaptation layer to TX part of adaptation layer (for the next hop) for packets that are relayed by the IAB node. 
· FFS how we model w.r.t protocol entities, e.g. whether separate for DU and MT or not, and FFS how these are configured, F1-AP or RRC.



This contribution addresses the open issue regarding how the adaptation layer is configured (i.e. via F1-AP, RRC or both). In a related contribution [1], we address the modelling aspect (i.e. whether separate entities for DU and MT).

[bookmark: _GoBack]Backhaul Adaptation Protocol (BAP) for MT and DU 
[bookmark: _Hlk509522710]As discussed in detail in [1], modelling the adaptation layer into the DU part and MT part facilitates the realization of the routing and mapping functionalities of the BAP layer. Thus, for the rest of this document, we assume such a modelling:
For DL:
 
1. When a packet arrives at the IAB donor DU (from the donor CU) and is processed first by the upper layers (as there is no MT BAP layer at the donor DU). 

a. If the packet is destined to UEs directly connected to the IAB donor DU or it is an F1-AP traffic destined at the IAB donor DU, it is forwarded to higher layers (IP/UDP/GTP-U for UP, IP/SCTP/F1-AP for CP)

b. Otherwise (i.e. it is to be forwarded further downstream), it is forwarded to the DU BAP layer.


2. When a packet arrives at an IAB node (from a parent IAB node or IAB donor DU) via backhaul RLC channels is processed first by the MT BAP layer. 

a. If the packet is destined to UEs directly connected to the IAB node or F1-AP traffic destined at the IAB node’s DU, it is forwarded to higher layers (IP/UDP/GTP-U for UP, IP/SCTP/F1-AP for CP)

b. Otherwise (i.e. it is to be forwarded further downstream), it is forwarded to the DU BAP layer. 

In both 1b and 2b for DL case, the DU BAP will determine which route (i.e. to which child node) the packet has to be forwarded and which BH RLC channel within that route will be used for forwarding the packet downstream (the input information for the BH RLC mapping is still to be discussed in RAN2).

For UL:
 
1. When a packet arrives at the IAB donor DU (from a child IAB node) via backhaul RLC channels, it is processed first by the DU BAP layer and is forwarded to the donor CU (as the donor DU can be connected to at most one donor CU, there is no routing functionality required).  

2. When a packet arrives at an IAB node in the UL direction:
 
a. If it is coming from a child IAB node via backhaul RLC channels it is processed first by the DU BAP layer and, since every UL packet is destined to be forwarded to the donor CU, it is passed on to the MT BAP layer.

b. If the packet is from a UE connected directly to the IAB node, or it is an F1-AP traffic originating from the IAB node, it is processed first by the higher layers (IP/UDP/GTP-U for UP, IP/SCTP/F1-AP for CP) and is forwarded to the MT BAP layer.
In both 2a and 2b for UL case, the MT BAP will determine which route (i.e. which parent node) the packet has to be forwarded to and which BH RLC channel within that route will be used for forwarding the packet upstream.
Note that in this document, we assume the IAB nodes have a single MT and a single DU. The details of the cases for multiple MTs/DUs per IAB node are FFS.
IAB node Integration Procedure
The IAB node integration procedure was discussed in RAN3_103bis, but no final agreements were made on the whole procedure. However, there seems to have a high-level agreement that includes three main steps:
1. MT Setup: this includes selection of a parent node, authentication/authorization, establishment of SRBs, etc.

2. Backhaul Setup and IP address allocation: this includes the establishment of backhaul RLC channels, IP address allocation for the IAB’s DU, MT BAP entity setup, etc. 

3. DU setup: this includes F1-C setup towards the donor CU, activation of cells, etc.

After these steps, the IAB node is up and running and can serve UEs like any other DU. Also, it can start serving as a parent node for child IAB nodes. The reader is referred to [2] for a detailed description of the IAB node integration procedure.
Signalling Aspects (at the new IAB node)
As discussed in [3], we can reuse the RLC-bearer/RadioBearerConfig structures in the RRC signalling to (re)configure the BH RLC channels for IAB networks. Thus, the RRCReconfiguration message seems the natural choice for doing so. Since by the time the first RRC Reconfiguration message is sent to the MT, the MT has already been authenticated/authorized to be belonging to an IAB node, it is possible to include the BH RLC channel and MT BAP configuration in that message. 
It should be noted that only a subset of BH RLC channels need to be setup at this point (e.g. BH RLC channels that will be used to transport the F1 setup request message in the subsequent DU setup phase of the IAB node integration procedure) and additional BH RLC channels can be setup later on a need basis (e.g. when the IAB node start serving a child IAB node, when the IAB node starts serving a UE that has a bearer that needs 1:1 mapping, etc). 
[bookmark: _Toc7736476]The RRCReconfiguration message can be used to setup the BH RLC channels and the MT BAP.
[bookmark: _Toc7736477]The BH RLC channels and the MT BAP can be setup after the MT setup procedure or in conjunction with the MT setup procedure.
[bookmark: _Toc7736478]At least one BH RLC channel is needed to be setup before the DU setup step to transport messages for F1 setup.

[bookmark: _Toc7286899][bookmark: _Toc7736584]The MT BAP and some BH RLC channels to be setup in the first RRCReconfiguration message that is sent to the MT part of an IAB node.
[bookmark: _Toc7286900][bookmark: _Toc7736585]At least one BH RLC channel needs to be setup for enabling transporting the messages for the F1 setup procedure. 
As described in section 2, for DL traffic, an IAB node’s MT BAP determines whether an incoming packet is destined to itself (i.e. data belonging to F1-AP or a DRB for a UE being served for an IAB node) or it is to be forwarded to a child node. This is accomplished by checking the BAP header and looking into the BAP identifier (which may be a destination IAB node address or path identifier or a combination, as it is still FFS what is to be included in the BAP header for routing purposes). Thus, the IAB node needs to know its own IAB node BAP identifier(s). It should be noted that an IAB node may be associated with several BAP identifiers, if it is accessible via several routes from the donor, as discussed in detail in [4].
[bookmark: _Toc7286901][bookmark: _Toc7736586]The initial MT BAP configuration contains the IAB node’s own BAP identifier(s) used in DL.
For UL traffic, an IAB node’s MT BAP will need to insert the MT BAP identifier(s) for UL traffic from the IAB node itself (received on access link). These identifier(s) may be the same or different from the identifier(s) used in DL.
In case the IAB node is connected via multiple connections (e.g. using NR-DC) the IAB node needs to determine which route the packet has to be forwarded to and which BH RLC channel within that route will be used for forwarding the packet upstream. Thus, the initial MT BAP configuration should also contain information of which BAP identifier(s) of the IAB node are associated with which IAB parent node.
[bookmark: _Toc7286902][bookmark: _Toc7736587]The initial MT BAP configuration contains the IAB node’s BAP identifier(s) used in UL.
[bookmark: _Toc7736588]The BAP identifiers(s) in the UL can be the same as the BAP identifier(s) in the DL (in which case, the identifier(s) are signalled only once).
[bookmark: _Toc7736589]The initial MT BAP configuration may contain information of which BAP identifier(s) of the IAB node are associated with which IAB parent node (IAB node or donor DU).
After completing the initial configuration for the BAP MT, the next step is to setup/configure the DU part of the IAB node. This is performed via the F1-AP setup request procedure. If only one BH RLC channel is setup as part of the MT setup, then such a mapping information is not required as it is implicitly clear which BH RLC channel is used for sending the UL F1 setup request message. If more than one BH RLC channel is setup, then there is a need to communicate the mapping information of (at least) non-UE-associated F1-AP messages to BH RLC channels. This makes it possible to configure the UL mapping in a more flexible way.
[bookmark: _Toc7286903][bookmark: _Toc7736590]The initial MT BAP configuration may contain a bearer mapping information (of at least the mapping of non-UE-associated F1-AP signalling to BH RLC channels). FFS on exactly what information is used for this mapping (e.g. DSCP). 

Signalling Aspects (at the IAB nodes between the donor and the new IAB node)
[bookmark: _Toc510098573][bookmark: _Toc510109179][bookmark: _Toc510110092][bookmark: _Toc510186095][bookmark: _Hlk510104676]
[bookmark: _Hlk509846182]Adopting the CU-DU principles, using RRC Reconfiguration to set up the MT BAP layer and the BH RLC channels between the IAB node and its parent node implies that F1-AP signalling is required between the donor CU and the parent IAB node. 
[bookmark: _Toc510599682][bookmark: _Toc510603619][bookmark: _Toc510618814][bookmark: _Toc510713113][bookmark: _Toc517702865][bookmark: _Toc509849961][bookmark: _Toc509850199][bookmark: _Toc509851057][bookmark: _Toc509851108][bookmark: _Toc510096635][bookmark: _Toc510098575][bookmark: _Toc510109181][bookmark: _Toc510110094][bookmark: _Toc510186098][bookmark: _Toc510186206][bookmark: _Hlk509849609]
[bookmark: _Toc7286904][bookmark: _Toc517707068][bookmark: _Toc517707088][bookmark: _Toc517707135][bookmark: _Toc517707174][bookmark: _Toc517707259][bookmark: _Toc521595041][bookmark: _Toc528870434][bookmark: _Toc7736591]The F1-AP UE context setup procedure employed between the donor CU and parent node (IAB node or donor DU) as part of the MT setup procedure.

As discussed in [1], the DU BAP of an IAB node is employed only when the IAB node has child nodes. Thus, when the first child IAB node gets connected to the network via the IAB node, there is a need to setup the DU BAP entity. 
[bookmark: _Toc517707066][bookmark: _Toc517707086][bookmark: _Toc517707133][bookmark: _Toc517707172][bookmark: _Toc517707257][bookmark: _Toc521595039][bookmark: _Toc528870432][bookmark: _Toc7286905][bookmark: _Toc7736592]The DU BAP is setup when a node (IAB node or donor DU) becomes a parent node for the first time.
Since the F1-AP UE context setup procedure is needed anyways to setup the child IAB node’s context at the parent node, the F1-AP UE context setup procedure can be further enhanced to include the DU BAP configuration.

[bookmark: _Toc7286906][bookmark: _Toc7736593]The F1-AP UE context setup procedure could include the DU BAP configuration of the parent IAB node. 
As described in section 2, for DL traffic, an IAB node’s DU BAP determines which route a packet has to be forwarded to and which BH RLC channel within that route will be used for forwarding the packet downstream. Thus, the IAB node needs to know the address of its child IAB nodes.
[bookmark: _Toc7286907][bookmark: _Toc7736594] The DU BAP configuration of a parent IAB node contains the child IAB node’s BAP identifier(s).
[bookmark: _Toc7736595]In case the parent node is Donor DU, the DU BAP configuration of the Donor DU may contain a bearer mapping information i.e. DSCP/IP flow label to LCID.
[bookmark: _Toc7736596]If the parent node is an IAB node, the bearer mapping could be implicit from the LCID of the ingress bearers to BH RLC channels
If multiple hops are involved, it may be necessary to add/modify the BH RLC channels at the intermediate hops and update the routing/mapping information at the DU/MT BAP layers of the intermediate nodes. This is illustrated in Figure 2. It should be noted that the RRC Reconfiguration messages are encapsulated within the F1 UE context setup messages and they are shown separately in the figure for illustrative purposes. 
For the three-hop scenario shown in the figure, when IAB3 gets connected:
· An F1 UE context modification message is sent to the donor DU, which contains DU BAP configuration for donor DU (e.g. routing information for packets destined to IAB3)
· and containing an RRC Reconfiguration message to reconfigure the MT BAP of IAB1 and optionally setup/reconfigure BH RLC channels between donor DU and IAB1 

· An F1 UE context modification message is sent to IAB1, which contains DU BAP configuration for IAB1 (e.g. routing information for packets destined to IAB3)
· and containing an RRC Reconfiguration message to reconfigure the MT BAP of IAB2 and optionally setup/reconfigure BH RLC channels between IAB1 and IAB2

· As discussed above, an F1 UE setup message is sent to IAB2, which contains DU BAP configuration for IAB2 (e.g. routing information for packets destined to IAB3)
· and an RRC Reconfiguration message for setting up BH RLC channels between IAB2 and IAB3 and the routing/mapping information at MT BAP of IAB3 

[bookmark: _Toc7286909][bookmark: _Toc7736597]The F1-AP UE context modification procedure is employed between the donor CU and intermediate nodes between the parent IAB node and the donor DU to update the DU BAP configuration of these nodes (e.g. routing information of packets destined for the new IAB node).
[bookmark: _Toc7286910][bookmark: _Toc7736598]The F1-AP UE context modification procedure to include an RRC Reconfiguration message to reconfigure the BH RLC channels between intermediate IAB nodes and update corresponding MT BAP entities. 

[image: ]


[bookmark: _Hlk510076599]Figure 2: High-level illustration of IAB nodes added in cascade

[bookmark: _Toc509506736][bookmark: _Toc509506915][bookmark: _Hlk509503543]Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we have discussed the details of IAB node integration and associated setup/re-configuration of backhaul RLC channels MT/DU BAP layers. We observed:

Observation 1	The RRCReconfiguration message can be used to setup the BH RLC channels and the MT BAP.
Observation 2	The BH RLC channels and the MT BAP can be setup after the MT setup procedure or in conjunction with the MT setup procedure.
Observation 3	At least one BH RLC channel is needed to be setup before the DU setup step to transport messages for F1 setup.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The MT BAP and some BH RLC channels to be setup in the first RRCReconfiguration message that is sent to the MT part of an IAB node.
Proposal 2	At least one BH RLC channel needs to be setup for enabling transporting the messages for the F1 setup procedure.
Proposal 3	The initial MT BAP configuration contains the IAB node’s own BAP identifier(s) used in DL.
Proposal 4	The initial MT BAP configuration contains the IAB node’s BAP identifier(s) used in UL.
Proposal 5	The BAP identifiers(s) in the UL can be the same as the BAP identifier(s) in the DL (in which case, the identifier(s) are signalled only once).
Proposal 6	The initial MT BAP configuration may contain information of which BAP identifier(s) of the IAB node are associated with which IAB parent node (IAB node or donor DU).
Proposal 7	The initial MT BAP configuration may contain a bearer mapping information (of at least the mapping of non-UE-associated F1-AP signalling to BH RLC channels). FFS on exactly what information is used for this mapping (e.g. DSCP).
Proposal 8	The F1-AP UE context setup procedure employed between the donor CU and parent node (IAB node or donor DU) as part of the MT setup procedure.
Proposal 9	The DU BAP is setup when a node (IAB node or donor DU) becomes a parent node for the first time.
Proposal 10	The F1-AP UE context setup procedure could include the DU BAP configuration of the parent IAB node.
Proposal 11	The DU BAP configuration of a parent IAB node contains the child IAB node’s BAP identifier(s).
Proposal 12	In case the parent node is Donor DU, the DU BAP configuration of the Donor DU may contain a bearer mapping information i.e. DSCP/IP flow label to LCID.
Proposal 13	If the parent node is an IAB node, the bearer mapping could be implicit from the LCID of the ingress bearers to BH RLC channels
Proposal 14	The F1-AP UE context modification procedure is employed between the donor CU and intermediate nodes between the parent IAB node and the donor DU to update the DU BAP configuration of these nodes (e.g. routing information of packets destined for the new IAB node).
Proposal 15	The F1-AP UE context modification procedure to include an RRC Reconfiguration message to reconfigure the BH RLC channels between intermediate IAB nodes and update corresponding MT BAP entities.
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