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1	Introduction
During the email discussion [106#48][IAB], two options to model the BAP entity in a IAB node were supported/recommended:
· IAB node consisting of 1 BAP entity.
· IAB node consisting of 2 BAP entities.

This document discusses these two options in more detail.
[bookmark: _Ref178064866]2	Discussion
3GPP protocols typically model the transmitter and receiver side of a protocol layer. The transmitter and the receiver side are separated by the air interface and placed in two different nodes as shown in figure 1, e.g. transmitter side in the NW and receiver side in the UE.
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Figure 1: Model for 3GPP protocols

2.1 IAB node with 1 BAP entity
In RAN2 [106#48][IAB] discussion, different ways to model a single BAP entity for IAB node. One alternative (figure 2) is to have 2 transmitters and 2 receivers within the BAP entity. Another alternative (figure 3) is to have 1 transmitter and 1 receiver. In this latter case, a single transmitter handles both the downstream transmission(s) (DU) and the upstream transmission(s) (MT), while a single receiver handles both the downstream reception(s) (MT) and the upstream reception(s) (DU). 
To model the BAP for the first alternative (figure 2), when the BAP entity is established/instantiated, 2 transmitters and 2 receivers are created in the node, which means 2 additional peers should also be created  as shown in figure 2. When the BAP entity is created in the Donor node, one transmitter and one receiver will be connected to IAB_1. However, one receiver and one transmitter will remain abandoned. The same applies to IAB_2 if this node serves only UEs. 
Using the concept of peer entities, if there is a transmitter, there should be a peer receiver in another node and vice-versa. The model shown in figure 2 can only be applied to intermediate nodes, but not to donors and access nodes. Access IAB nodes and Donor nodes only have 1 transmitter and 1 receiver. However, when this model is applied to these nodes, one transmitter and one receiver will not have a peer entity. 
[image: ]
Figure 2: One entity BAP modelling with 2 transmitters and 2 receivers
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Figure 3: One entity BAP modelling with 1 transmitter and 1 receiver
The second alternative (figure 3) has the same issue as the previous and it further creates inter-dependencies between the DU and the MT, which makes it complex to understand how a single BAP transmitter/receiver handles the downstream transmission/reception and upstream transmission/reception, especially if the downstream and upstream have different configurations.
[bookmark: _Toc16787847]From a modelling point of view, if there is a transmitter, there should be a peer receiver in another node and vice-versa.
[bookmark: _Toc16787848]Modelling with 1 BAP entity requires 2 transmitters and 2 receivers.
[bookmark: _Toc16787849]1 BAP entity modelling focuses on modelling non-peer entities in an IAB node, but RAN2 should focus on modelling peer entities (see Observation 1).
[bookmark: _Toc16787850]1 BAP entity modelling can only be applied to intermediate nodes, but not to donors or access nodes.
When it comes to configuration, a single BAP entity also creates challenges. Regardless of whether RRC or F1-AP is used to provide the configuration, the protocol will explicitly need to differentiate between downstream and upstream e.g. the downstream routing table may be different than the upstream routing table. It is also unclear if only RRC, only F1-AP or both should be used to configure the BAP entity and which part each protocol configures as the BAP entity expands and applies to both the DU and the MT. 
None of these two options for modelling as a single BAP entity in an IAB node can apply to all types of nodes, and these modelling will not map the reality, e.g. signalling. Besides, these two options create a model difficult to understand and, from a modelling point of view, they are not correct. 
[bookmark: _Toc16787851]1 BAP entity modelling complicates how and which of the different parts of the entity are configured with RRC and F1-AP.
2.2 IAB node with 2 BAP entities
An IAB node can be modelled with 2 BAP sub-layers, where each sub-layer has one BAP entity. A BAP sub-layer can be modelled in a similar way as other RAN sub-layers, such as PDCP or RLC. Figure 4 depicts a generic modelling for BAP entity following the same principle as e.g. PDCP (a similar figure can be found in the 38.323 specifications). 



Figure 4 BAP layer, functional view

This generic model (Figure 4) can apply to a transmitter or receiver BAP entity placed in any node, e.g. Donor DU, IAB-MT, and IAB-DU, or access IAB node. For example, a Donor DU will have a transmitter BAP entity and the peer receiving BAP entity will be in IAB MT. Similarly, if a bidirectional connection is assumed (shown in figure 5), IAB_1 MT will also have a transmitter entity and the peer receiving BAP entity will be in the Donor DU.


Figure 5: Example of bidirectional connection between Donor DU and IAB_1 MT

An IAB node (i.e. IAB_1) may still be connected to another IAB node or only to UEs. In the former case, the same modelling principle can apply. The IAB_1 DU will have a transmitter BAP entity and the peer receiving BAP entity will be in IAB_2 MT as shown in figure 6. Similarly, IAB_2 MT will also have a transmitter entity and the peer receiving BAP entity will be in the IAB_1 DU. 



Figure 6: Example of bidirectional connection between intermediate IAB_1 and access IAB_2

By putting together the two models (figure 5 and figure 6), a comprehensive model can be obtained as shown in figure 7. In this figure, it can be observed that IAB_1 has 2 BAP entities: one BAP entity peering with the Donor and the other BAP entity peering with IAB_2. On the other hand, the Donor has one BAP entity as it only peers with IAB_1. If IAB_2 was connected to a third IAB node, the same structure as in figure 6 would be repeated. However, when IAB_2 connects to UEs, the IAB_2 DU will not need/have a transmitting BAP entity.


Figure 7: Example of an IAB network
It must be noted that, the interaction between non-peer entities such as the two BAP entities in IAB_1, is implementation specific and not within the RAN2 scope.
2.3 Configuring the BAP entities
When an IAB node is initialized, the MT will be the first part of the IAB node to be configured. It will be configured via RRC signalling. All protocols in the MT will receive their configuration via RRC signalling, and there is no reason to not do the same for the BAP layer. All protocols (including BAP) in the MT side should be configured via one protocol, i.e. RRC. Only after the RRC connection has been established, the Donor CU can configure the DU part of the IAB node. This can be done using F1-AP. F1-AP will configure all RAN protocols in the DU including the BAP placed in the DU. From a modelling point of view, a DU and an MT are independent; hence, it feels reasonable to carry the configurations within the protocols which configure the entity. 
It could be argued that another option is to use RRC to configure some aspects in the MT and F1-AP to configure other aspects in the MT. As a principle, we think that mixing RRC and F1-AP to configure one entity e.g. MT or DU is not a good design principle. The necessary configuration should arrive in one single message.

[bookmark: _Toc16756625][bookmark: _Toc16787852]A BAP entity has one transmitter and one receiver (as shown in Figure 4).
[bookmark: _Toc16756626][bookmark: _Toc16787853]An intermediate IAB node has two BAP entities, i.e., BAP entity is per MT/DU.
[bookmark: _Toc16756627][bookmark: _Toc16787854]The access IAB node and the donor DU have only one BAP entity each. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	From a modelling point of view, if there is a transmitter, there should be a peer receiver in another node and vice-versa.
Observation 2	Modelling with 1 BAP entity requires 2 transmitters and 2 receivers.
Observation 3	1 BAP entity modelling focuses on modelling non-peer entities in an IAB node, but RAN2 should focus on modelling peer entities (see Observation 1).
Observation 4	1 BAP entity modelling can only be applied to intermediate nodes, but not to donors or access nodes.
Observation 5	1 BAP entity modelling complicates how and which of the different parts of the entity are configured with RRC and F1-AP.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A BAP entity has one transmitter and one receiver (as shown in Figure 4).
Proposal 2	An intermediate IAB node has two BAP entities, i.e., BAP entity is per MT/DU.
Proposal 3	The access IAB node and the donor DU have only one BAP entity each.
[bookmark: _Ref174151459][bookmark: _Ref189809556] 
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