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1 Introduction
In RAN2#105, the adaptation layer was extensively discussed, and the following agreements are achieved:

	-
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.


Furthermore, in RAN2#105bis, adaptation layer is named as “Backhaul Adaptation Protocol” (BAP). However, the modeling of BAP layer still has many open issues. In this contribution, we will address those issues for further discussion. 
2 Discussions

2.1 Common BAP vs. Separated BAP
Each IAB node contains IAB-DU and IAB-MT. For DL, IAB-MT receives the data and IAB-DU part sends the data; while for UL, IAB-DU part receives the data and IAB-MT part sends the data. Thus, BAP layer should be applied for both IAB-DU and IAB-MT. However, different BAP layer modeling causes different BAP layer placements:
· Common BAP
In this model, as shown in Fig. 1, BAP layer is shared by IAB-DU and IAB-MT for intermediate IAB node; while for other nodes, BAP layer is, respectively, configured to IAB-MT part of accessing IAB node and donor DU only.  This model results in non-unified BAP layer configuration. When configuring BAP layer, it needs to indicate such BAP layer is applied to both IAB-MT and IAB-DU, or IAB-MT only, or DU only. Moreover, the functionalities of BAP layer are different at different nodes. For example, in intermediate node, the interaction between TX and RX part is needed, while in other nodes, such interaction is unnecessary. 
Observation 1: Common BAP results in non-unified configuration and non-unified functionalities for BAP layer.
On the other hand, at the intermediate IAB node, both TX and RX parts should process DL and UL data, i.e., TX part should send data to RLC layer of IAB-DU part and RLC layer of IAB-MT part for DL and UL data, respectively; similarly, RX part should receive data from RLC layer of IAB-MT part and RLC layer of IAB-DU part for DL and UL data, respectively. This  results in complex processing in BAP layer, e.g., both TX and RX part need to differentiate DL and UL data. 
Observation 2: both TX and RX parts need differentiate DL and UL data so as to determine the serving RLC layer when receiving/sending data.  
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Fig. 1 Common BAP
· Separate BAP
In this model, as shown in Fig.2, BAP layer is separately defined for IAB-DU and IAB-MT, and thereby each BAP layer is served by one RLC layer (DL) or provides service to one RLC layer (UL). Then, the unified configuration method can be applied, i.e., each configuration just configures the BAP layer to either IAB-MT or IAB-DU/DU. Moreover, the functionalities of TX and RX can be separately defined without interaction between them (similar to RLC and PDCP layer, where TX and RX functionalities are separately defined) . As a result, both TX and RX parts of the BAP layer are unnecessary to differentiate DL and UL data. 
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Fig. 2 Separate BAP layer

In summary, the separate BAP layer can make clear BAP configuration and simple functionalities definition. So, we propose

Proposal 1: the separate BAP layer model is used, i.e., IAB-MT and IAB-DU/donor DU have separate BAP layer.   

2.2 Functionalities of BAP layer
As agreed in RAN2, in BAP layer, TX part performs routing and “bearer mapping” and RX part performs “bearer de-mapping”. However, in details, each part has some additional functions:

· Tx part functionalities:

· Receive data from 1) the collocated IAB-DU  for UL data or the collocated IAB-MT for DL data in IAB node , or 2) wired F1 interface in IAB-donor-DU  
· Routing: determine the next-hop node

· “bearer mapping”: determine the egress BH RLC CH

· Scheduling: schedule among the received packets, e.g., select the packet delivered to the lower layer.

· Add new BAP layer header to generate BAP PDU 

· Transmit BAP PDU to lower layer. 

· Rx part functionalities:

· Receive BAP PDU from lower layer  

·  “bearer de-mapping”: decode and remove the BAP layer header to derive BAP SDU
· Forward BAP header information to TX part of collocated IAB-MT or IAB-DU if BAP SDU is not destined

· Forward BAP SDU to upper layer if it is destined, or TX part of the collocated IAB-MT or IAB-DU, or the wired F1 interface in IAB-donor-DU 
Proposal 2: RAN2 assumes the following functionalities for TX and RX parts of the BAP layer:
· Tx part functionalities:

· Receive data from 1) the collocated IAB-DU  for UL data or the collocated IAB-MT for DL data in IAB node , or 2) wired F1 interface in IAB-donor-DU  

· Routing: determine the next-hop node

· “bearer mapping”: determine the egress BH RLC CH

· Scheduling: schedule among the received packets, e.g., select the packet delivered to the lower layer.

· Add new BAP layer header to generate BAP PDU 

· Transmit BAP PDU to lower layer. 

· Rx part functionalities:

· Receive BAP PDU from lower layer  

·  “bearer de-mapping”: decode and remove the BAP layer header to derive BAP SDU

· Forward BAP header information to TX part of collocated IAB-MT or IAB-DU if BAP SDU is not destined

· Forward BAP SDU to upper layer if it is destined, or TX part of the collocated IAB-MT or IAB-DU, or the wired F1 interface in IAB-donor-DU 

2.3 Granularity of BAP layer

For each IAB-DU/IAB-MT or Donor DU, three options can be applied different BAP layer granularities: 
· Option 1(Per BH RLC CH): each BH RLC CH is configured with one BAP layer, as shown in Fig. 3.
· In RX part, the packets from different BH RLC CHs are sent to different BAP layers. Thus, the packets from one ingress BH RLC CH will not be impacted by packets from other BH RLC CHs. 
· However, this option is not aligned with BAP’s functionality of “bearer mapping” since each BAP layer corresponds to one BH RLC CH only. 
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Fig. 3 BAP layer per BH RLC CH

· Option 2 (Per node): each IAB-MT/IAB-DU is configured one BAP layer, as shown in Fig. 4, i.e., all BH RLC CHs share the same BAP layer
· In RX part, the packets from different BH RLC CHs are sent to the common BAP layer. Thus, the processing order of the packets at the RX part purely depends on the arriving order. In this sense, the packets from one ingress BH RLC CH may be blocked by packets from other ingress BH RLC CHs. To solve this issue, the RX part should maintain different buffers for different BH RLC CHs, and RX part needs scheduling function to determine which packet is processed by BAP layer. 
This is aligned with “bearer mapping” functionality of BAP.
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Fig. 4 BAP layer per node

· Option 3 (per UE DRB): the BAP layer is UE DRB specific, as shown in Fig. 5
· In RX part, the RLC layer for one BH RLC CH needs differentiate packets from different UE DRBs so as to send the packets to different BAP layers. This requires RLC layer enhancement, which is not a good way. 
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Fig. 5 BAP layer per UE DRB

Among the above three options, the option 1 is the simplest one, and each ingress BH RLC CHs are processed independently. So, we slightly prefer to option 1, and propose

Proposal 3: the BAP layer per BH RLC CH can be considered. 

2.4 Configuration of BAP layer 
According to the functionalities of BAP layer, some can be considered as the implementation issue, and some need the configurations, e.g., 
· Routing: to perform routing, the routing table should be configured, which is achieved via the routing table configuration procedure. 
· “Bearer mapping”:  to perform “bearer mapping”, the mapping rule should be configured, which can be achieved via BH RLC CH configuration procedure. 
· BAP layer formulation: this configuration determines the content of the BAP layer header, e.g., UE bearer ID, destination address, path ID, etc. 
Among three above-mentioned configurations, only the third one is a dedicated BAP layer configuration. As we discussed above, the BAP layer is IAB node specific. Such dedicated configuration can be performed via BH RLC CH configuration procedure as well. 
Proposal 4-1: the BAP layer is configured via BH RLC CH configuration procedure. 
The BAP layer header is added via TX part at IAB-donor DU for DL, or TX part at IAB-MT of accessing IAB node for UL. As long as BAP header is added, the intermediated IAB node will not change the BAP header. In this sense, only IAB-donor DU and accessing IAB node needs the configuration of BAP layer via BH RLC CH configuration. For IAB-donor DU, the BAP layer is configured via F1AP message, while for accessing IAB node, the BAP layer is configured via RRC message. 
Proposal 4-2: For DL, the BAP layer configuration is performed between IAB-donor CU and IAB-donor DU via F1AP message; while for UL, the BAP layer configuration is performed between IAB-donor CU and IAB-MT part of accessing IAB node via RRC message.
2.5 Adaptation layer for CP and UP
For both CP and UP data, the BAP layer is needed. It is better to have a unified design for both CP and UP. 
Proposal 5: both CP and UP have the unified BAP layer design. 
3 Conclusions
In this contribution, we discuss modeling of adaptation layer, and have the following proposals:

Proposal 1: the separate BAP layer model is used, i.e., IAB-MT and IAB-DU/donor DU have separate BAP layer.
Proposal 2: RAN2 assumes the following functionalities for TX and RX parts of the BAP layer:
· Tx part functionalities:

· Receive data from 1) the collocated IAB-DU  for UL data or the collocated IAB-MT for DL data in IAB node , or 2) wired F1 interface in IAB-donor-DU  

· Routing: determine the next-hop node

· “bearer mapping”: determine the egress BH RLC CH

· Scheduling: schedule among the received packets, e.g., select the packet delivered to the lower layer.

· Add new BAP layer header to generate BAP PDU 

· Transmit BAP PDU to lower layer. 

· Rx part functionalities:

· Receive BAP PDU from lower layer  

·  “bearer de-mapping”: decode and remove the BAP layer header to derive BAP SDU

· Forward BAP header information to TX part of collocated IAB-MT or IAB-DU if BAP SDU is not destined

· Forward BAP SDU to upper layer if it is destined, or TX part of the collocated IAB-MT or IAB-DU, or the wired F1 interface in IAB-donor-DU 

Proposal 3: the BAP layer per BH RLC CH can be considered. 

Proposal 4-1: the BAP layer is configured via BH RLC CH configuration procedure. 
Proposal 4-2: For DL, the BAP layer configuration is performed between IAB-donor CU and IAB-donor DU via F1AP message; while for UL, the BAP layer configuration is performed between IAB-donor CU and IAB-MT part of accessing IAB node via RRC message.
Proposal 5: both CP and UP have the unified BAP layer design. 
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