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Introduction

During RAN2#106 meeting, the following agreements have been achieved on IAB routing:
Agreements:

The BAP routing id (carried in the BAP header) consists of BAP address and BAP path ID. Encoding of the path ID in the header is FFS.

Each BAP address defines a unique destination (unique for IAB network of one Donor , either an IAB access node, or the IAB donor)

Each BAP address can have one or multiple entries in the routing table to enable local route selection. Multiple entries is for load balancing, re-routing at RLF. For load balancing still FFS what is decided locally and/or decided by the Donor.

Each BAP routing id has only one entry in the routing table.

The routing table can hold other information, e.g. priority level for entries with same BAP address, to support local selection. Configuration of this information is optional. 
On the other hand, in RAN2#107 meeting, it has been agreed that “for upstream, Cell group ID is used to identify next hop/egress link.” In this contribution,  we will have some further discussion on routing in IAB network.  

Discussion

2.1 Design of BAP routing table

According to the agreement in last meeting, routing in IAB network would be implemented by configuring routing tables in the BAP entity of each IAB node. Each entry of the routing table contains at least a BAP routing ID and egress BH link identifier. The BAP routing ID is carried in the BAP header of each packet. When a packet arrives, an IAB node would forward it to egress BH link according to the routing table and BAP routing ID in the BAP header. In addition, the routing table can hold other information optionally, e.g. priority level for entries with same BAP address, to support local selection. 
BAP routing ID consists of BAP address and BAP path ID, where BAP address is used to identify a different IAB node and BAP path ID is used to identify a specific path to the same destination IAB node. BAP address could be allocated by donor CU when the IAB node get integrated. 
In the following, we will have more discussion on BAP path ID and BH link identifier. 
2.1.1 Design of BAP path ID
BAP path ID is used to identify different paths to the same destination IAB node. However, the topology of an IAB network could be as simple as a spanning tree. In this case, there’s only one path exist between donor and each IAB node. Hence it is enough to define each path by only specifying the destination BAP address in the BAP routing ID. Therefore, BAP path ID should be an optional field in BAP routing ID. 

Proposal 1: BAP path ID should be an optional field in BAP routing ID. 

In an IAB network with redundant connectivity, there are many paths from a source node to a destination node. Traffic could be sent to a destination node via different donor DU and intermediate IAB nodes. For example in Fig.1, a downlink path to IAB node B could go through donor DU1, IAB nodes F, E and C, and another path to IAB node B could go through  donor DU1, IAB nodes G, E and D. 
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Figure-1: An example of IAB network topology
When two different paths from two different source nodes has a same destination, different path ID should be allocated so that the intermediate node would not  be confused in traffic routing.  For example, path C-E-F-DU1 and path D-E-G-DU1 should use different path IDs. Otherwise, the intermediate node E would not be able to differentiate the two paths since they have the same destination node DU1 and some path ID. As a result, it does not know which next hop  (either node F or G) should be used in the routing. Hence, path ID should be globally unique for each destination if source node is not considered in the routing. 

Therefore, there are two options to identify a path by BAP path ID:

Option 1: Using BAP path ID to identify paths between a specific (source, destination) pair
Option 2: Using BAP path ID to identify paths to a same destination BAP address.

In Option 1, BAP path ID is used to identify the different paths between a specific source and a specific destination. In that case, the number of potential paths is not large, and a short BAP path ID could work well. However, the source node need to be included in the routing table.  
In Option 2, since the paths to a same destination node could have different source node, the design of BAP path ID need  to identify all the potential paths to a same destination node in IAB network. Hence, a larger size of BAP path ID is needed if taking account of all kinds of complex DAG topologies. 

With different pros and cons, both options could be considered in the design of BAP path ID. 
Proposal 2: The following two options could be  considered in the design of BAP path ID:

Option 1: Using BAP path ID to identify paths between a specific (source, destination) pair
Option 2: Using BAP path ID to identify paths to a same destination BAP address.

2.1.2 Design of BH link identifier

In routing table, BH link identifier is used to indicate the next-hop radio link in a route. In IAB, multiple IAB nodes could get connected to a same parent node (which could be a IAB node or an IAB donor DU) by their MT parts separately. When the parent node have only one cell,  each MT part of those IAB nodes would have a different C-RNTI value. However when the parent node have multiple cells, they may be allocated the same C-RNTI value under different cells.  This is because C-RNTI is a “unique UE identification used as an identifier of the RRC Connection and for scheduling” according to TS38.300, and C-RNTI is unique in a cell. Hence C-RNTI alone cannot be used to identify a downlink backhaul link from a same parent node. A downlink backhaul link could be identified by Cell ID and C-RNTI jointly. Therefore, Cell ID together with C-RNTI of the MT part could be used as BH link identifier in DL. 

Proposal 3: Cell ID together with C-RNTI of the MT part could be used as BH link identifier in DL.
2.2 Load balance by routing

When multiple paths exist between an IAB node and destination node, different route selection could lead to different load distribution in the IAB network. Hence, a suitable path could be selected for the incoming traffic to achieve load balance. Therefore, load balance could be realized by careful routing path selection configuration for the traffic at donor CU taking into account the load of each IAB node. 
Proposal 4: Load balance could be realized by route path selection configuration at donor CU according to the load of each IAB node. 

In TS 38.473, only a single bit is used to indicate the overload status of DU in the GNB-DU STATUS INDICATION message. Such kind of simple load information is not enough for load-balance route configuration. Hence, more detailed load information should be reported from IAB node to donor CU by F1AP signaling. For example, the information on the usage of radio resource, or UL/DL available capacity as percentage of total cell capacity could be reported. 

Proposal 5: Detailed load information such as the information on the usage of radio resource should be reported from IAB node to donor CU by F1AP signaling for load balanced routing configuration.  
When a donor CU find one of its serving UE or MT is requesting to set up a new DRB, it would select a routing path for it based on the load information of each IAB node in the topology and the load balance principle. Then, donor CU could perform routing selection configuration for that new DRB. In UL, the routing selection information could be configured at the BAP entity of the access IAB node. It could be a mapping entry between UE bearer and BAP routing ID for user-plane traffic. The UE bearer info could be in the form of destination IP address and UL GTP-TEID. While in DL, the routing selection information could be configured at donor DU, which could be a mapping entry between IP header information and the corresponding BAP routing ID. 

Proposal 6: For user-plane traffic, a routing selection mapping between UE bearer (identified by destination IP address and UL GTP-TEID) and BAP routing ID could be configured at access IAB node for UL traffic. 
Besides user-plane traffic, control-plane traffic and OAM traffic should also be considered in routing selection configuration. For the UL/DL control-plane traffic, donor CU might configure the access IAB node MT/donor DU with a list of F1-C types that could be mapped to a specific BAP routing ID. F1-C type may be one of the following: non UE associated F1AP signaling, UE associated F1AP signaling. In addition, if the MT’s control signaling is prioritized over UE’s control plane signaling, they should be mapped to different BAP routing ID. In this case, the F1-C type could further include non UE associated F1AP signaling, UE associated F1AP signaling, MT associated F1AP signaling. Furthermore, if RAN3 think it feasible to support separate SCTP streams per SRB bearer type, the F1-C type may further include the following types: SRB0 ,SRB1, SRB2, SRB3. Upon receiving the UL control plane signaling, access IAB node could determine the F1-C type and then associate this signaling with the BAP routing ID based on the F1-C type to BAP routing ID mapping configuration.  
Proposal 7: For the routing of control-plane traffic, the donor CU could configure the access IAB node MT with a list of F1-C types that could be mapped to BAP routing ID. The F1-C type could be non UE associated, UE associated.  FFS for other F1-C types. 
While for OAM traffic transmission via IP layer, it is hard for the donor CU to pre-configure the BH RLC channels specific to the OAM traffic of different QoS requirement. Besides, donor CU is not aware of the IP address of OAM server. So it is hard to configure the route selection rule which utilize the destination IP address to identify the traffic. Based on these observations, it is suggested that a default BAP routing ID is configured at access IAB node or donor DU and a default egress BH RLC channel is configured on each egress link. In this way, the OAM traffic could be delivered by the default routing path. 
Proposal 8: For UL OAM traffic, it is suggested that a default BAP routing ID is configured at access IAB node.  
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Figure-2: BH routes for different DRBs
On the other hand, because IAB node does not have the load information of all the other IAB nodes, it is not suitable to support local selection for load balance in general case. As shown in Fig.2, IAB node E could distribute traffic to Path 1 in its local selection without the knowledge that the Path 1 is congested at the hop from the intermediate IAB node F to donor DU1. This would lead to a worse situation in terms of load balance. Hence, load selection should not be performed for load balance in general case except RLF. 
Proposal 9:  No local selection for load balance in general case except RLF. 
 Conclusion

In this contribution, we discussed the routing design in multi-hop IAB network. And we have the following proposals:

Proposal 1: BAP path ID should be an optional field in BAP routing ID. 

Proposal 2: The following two options could be  considered in the design of BAP path ID:

Option 1: Using BAP path ID to identify paths between a specific (source, destination) pair
Option 2: Using BAP path ID to identify paths to a same destination BAP address.

Proposal 3: Cell ID together with C-RNTI of the MT part could be used as BH link identifier in DL.

Proposal 4: Load balance could be realized by route path selection configuration at donor CU according to the load of each IAB node. 

Proposal 5: Detailed load information such as the information on the usage of radio resource should be reported from IAB node to donor CU by F1AP signaling for load balanced routing configuration.  
Proposal 6: For user-plane traffic, a routing selection mapping between UE bearer (identified by destination IP address and UL GTP-TEID) and BAP routing ID could be configured at access IAB node for UL traffic. 
Proposal 7: For the routing of control-plane traffic, the donor CU could configure the access IAB node MT with a list of F1-C types that could be mapped to BAP routing ID. The F1-C type could be non UE associated, UE associated.  FFS for other F1-C types. 
Proposal 8: For UL OAM traffic, it is suggested that a default BAP routing ID is configured at access IAB node. 
Proposal 9:  No local selection for load balance in general case except RLF. 
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