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Introduction
At RAN2#107bis meeting the following agreement was made regarding the BAP header and routing ID:
BAP header: 
Routing ID is 13bits
There is a C/D bit
Length of the BAP address and BAP path ID sub-fields of the BAP routing ID to be fixed/predefined 
For the DL, BAP address is 10bits and BAP path ID is 3bits
For the UL, BAP address is FFS bits and BAP path ID is FFS bits 
R2 expects that there will be no restrictions in the TS to restrict configuration of routing ID and its components. The network has to ensure that e.g. there is no path confusion.
While the length of routing ID has been agreed, and the fixed split for downlink between BAP address and BAP path ID has also been agreed, the fixed split for the uplink between BAP address and BAP path ID is still FFS. In this contribution we offer proposals for consideration regarding this remaining FFS part. 
Uplink BAP address and path ID
The overall length of routing ID has been agreed to be 13 bits. For the downlink, the BAP address is agreed to be 10 bits and the BAP path ID is agreed to be 3 bits. This allows a donor CU to support a maximum of 1024 access IAB nodes, with 8 unique paths to each access IAB node. For the downlink, this is a good way to split the 13-bit space because on the downlink many access IAB nodes need to be supported while the unique paths per access IAB node will not be large. However, on the uplink, the situation is different. In a typical IAB network, there will be fewer donor DU nodes than access IAB nodes, so the bit space for the destination BAP address may not need to be as large as 10 bits. Moreover, there may be possibly be more uplink paths leading to the same destination donor DU than there are downlink paths leading to the same access IAB node. Thus, the BAP address length for the uplink may need to be shorter compared to the downlink.
Observation 1: For the uplink, the BAP address length needs to be shorter than that of the downlink.
Note that this discussion assumes that on the uplink each BAP address uniquely identifies a donor DU and the path ID identifies a unique path to that donor DU. At the RAN2#106 meeting the following agreement was made regarding what the BAP address defines:
Each BAP address defines a unique destination (unique for IAB network of one Donor , either an IAB access node, or the IAB donor)
One issue related to this assumption that may need to be addressed is about how to handle RLF on the link between the last intermediate IAB node and donor DU. When this link experiences RLF, packets arriving at the intermediate IAB node destined for the donor DU could be dropped even if the intermediate IAB node has an available connection to another donor DU or IAB node connected to another donor DU. 
Continuing to assume that the BAP address uniquely identifies a donor DU, there are several ways in which a 13-bit ID space can be split between BAP address field and BAP path ID field. Starting from the agreed (10, 3) split for the downlink, Figure 1 shows all possible ways from (10, 3) to (3, 10). It is quite evident that the (10, 3) split agreed on the downlink is not appropriate for the uplink because that would result in 1024 destination donor DU nodes and only 8 unique paths to each donor DU. The downlink split was designed to allow 1024 access IAB nodes, so if each access IAB node needs to have at least one unique path to each donor DU, the path ID space would need to be 10 bits long. This would leave only 3 bits for the BAP address space, so the maximum number of donor DUs that could be supported per CU would be limited to 8. This is the rightmost extreme of Figure 1. 
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Figure 1: Different splits of 13-bit routing ID space into BAP address field and path ID field
In our view, a (3, 10) split for the uplink is too restrictive because it severely restricts the number of donor DUs that can be supported under a donor CU. In the initial stages of an IAB deployment it is likely that there are fewer donor DUs and proportionately much larger number of IAB nodes. But as traffic demand increases, it is likely that some of the IAB nodes may need to be converted to donor DUs by deploying fibre connectivity to those nodes. Therefore, even though the number of donor DUs in an IAB network may in general always be smaller than the number of access IAB nodes, the bit-space of the uplink BAP address field needs to be large enough to support sufficient number of donor DUs. This would allow an operator to deploy sufficient number of donor DUs in the network as the IAB network matures. 
Observation 2: The uplink BAP address field needs to be large enough to allow an operator to deploy sufficient number of donor DUs in the network as the IAB network matures (for example, by converting IAB nodes to donor DUs).
From this perspective, we believe that the BAP address length for the uplink should be at least 7 bits long to allow at least 128 donor DUs in a CU’s topology. One of the trade-offs in increasing the BAP address space from 3 bits to something larger is that it reduces the total number of unique path IDs that are available for a particular donor DU. For example, a 7-bit BAP address leaves 6 bits for the BAP path ID allowing up to 64 unique paths per donor DU. Whether or not a 6-bit path ID is sufficient or not may depend upon the topology of the network. However, it is quite reasonable to assume that if there are 128 donor DUs corresponding to a 7-bit BAP address length, the tree branches under those 128 donors may not all overlap with each other. Therefore, it is quite reasonable to assume that path IDs for disjoint paths can be reused in the topology. 
Observation 3: Path IDs for disjoint paths to a donor DU can be reused in the topology. 
Furthermore, even in the case where there are fewer donor DUs in the topology, such that many upstream paths converge at an intermediate IAB node close to a donor DU, a 6-bit path ID with 64 unique paths may still be sufficient due to network performance and congestion reasons. If as many as 64 paths are passing through an intermediate IAB node close to a donor, with potentially multiple UE bearers being carried on each path, simply due to network performance and congestion reasons, the operator may need to modify the topology to reduce the number of paths converging on to the intermediate IAB node. This could be done by adding more donor nodes or converting some IAB nodes to donor nodes. This is one more reason why for the uplink, the balance between BAP address vs. path ID space should tilt slightly in favour of BAP address space. 
Observation 4: Due to network performance and congestion reasons, designing a topology with large number of paths passing through an intermediate IAB node close to a donor DU is not practical.

Considering all of the above factors, we propose that for uplink, when BAP address uniquely identifies a donor DU, the BAP address should be 7 bits long and the BAP path ID should be 6 bits long.
Proposal 1: For the uplink, when BAP address uniquely identifies a donor DU, the BAP address is 7 bits, and BAP path ID is 6 bits.
Conclusion
In this contribution we discussed the design of uplink routing ID and specifically the size of uplink BAP address and BAP path ID fields. The following observations and conclusion were offered for consideration.
Observation 1: For the uplink, the BAP address length needs to be shorter than that of the downlink.
Observation 2: The uplink BAP address field needs to be large enough to allow an operator to deploy sufficient number of donor DUs in the network as the IAB network matures (for example, by converting IAB nodes to donor DUs).
Observation 3: Path IDs for disjoint paths to a donor DU can be reused in the topology. 
Observation 4: Due to network performance and congestion reasons, designing a topology with large number of paths passing through an intermediate IAB node close to a donor DU is not practical.
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