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1. Introduction
In RAN2#116bis-e, the open issues on eIAB [1] and the running CR for BAP [2] were noted as the baseline for further discussion towards the work item completion. The open issue list identified the issues on BAP to invite the company inputs. 
In this contribution, BAP#01, BAP#03 and BAP#04 in the open issue list are discussed. 
2. Discussion 
2.1.1. BAP#01 
The open issue list identified BAP#01 as follows [1]. 
	BAP#01
	Considering below options for the scenario of inter-to-intra-topology re-routing:

Option 1: No header rewriting is applied, and the upstream packet’s BAP routing ID in the ingress topology contains the BAP address of the IAB-donor-DU in the same topology.

Option 2: Header rewriting is applied based on a header-rewriting entry, which contains the packet’s ingress BAP routing ID and the BAP routing ID of the packet’s egress topology after inter-to-intra re-routing. 

Option 3: Header rewriting is applied based on a header-rewriting entry, which contains the BAP routing ID of the packet’s intended egress topology after inter-topology routing and the BAP routing ID of the packet’s egress topology after inter-to-intra re-routing.

Option 4: The boundary node is configured with a default BAP routing ID for each topology via RRC, and such default BAP routing ID can be used as the egress routing ID when applying inter-topology rerouting.
	Down-selection among those options, based on the discussion/contribution in next meeting.

Companies’ paper are welcome, taking into account the offline summary R2-2201879. [TP are also welcome]


Regarding Option 1, the benefit is to avoid the header rewriting for inter-to-intra-topoloty re-routing [3]. The drawback is that the BAP entity needs to check the availability of egress link before the header rewriting and the routing, which is not aligned with the current routing procedure in BAP running CR [2], i.e., the header rewriting ( the routing/egress link availability check, which is same with Rel-16 procedure. 
As pointed out by some companies in the email discussion [AT116bis-e][049], Option 1 implies the Destination field in each upstream packet for inter-topology routing needs to be set to the BAP address of IAB-donor-DU at the access IAB-node [3]. In our understanding, the inter-to-intra-topology re-routing only happens for upstream packets, i.e., the ingress topology is always the F1-terminating CU’s topology, so it’s not an issue here but rather beneficial considering BH RLF (i.e., re-routing) happens in a descendant node of the boundary IAB-node.  
Regarding Option 2, the header rewriting is needed for inter-to-intra-topology re-routing, whereby the header rewriting table is searched by the ingress BAP Routing ID in the header of the packet. The description of Option 2 in [3] is unclear on whether the header rewriting is performed for inter-topology routing. As one of interpretations, the packet has been processed with the header rewriting for inter-topology routing once. So, the BAP entity has to store the old Routing ID of each packet for the possible second header rewriting operation (for inter-to-intra-topology re-routing), which complicates both the specification and the implementation.  As another interpretation, if the header rewriting is processed only once on this packet (i.e., only for inter-to-intra-topology re-routing), the same drawback with Option 1 is observed, i.e., which is not aligned the current routing procedure [2]. 
Regarding Option 3, the header rewriting is processed twice, i.e., for inter-topology routing and then for inter-to-intra-topology re-routing as clarified in [3], which may be redundant. However, it should minimize specification impacts since the procedure is aligned with the current routing/re-routing procedure [3]. The complexity is also minimal, since the same header rewriting table is used for inter-to-intra-topology re-routing, i.e., the entry for this purpose is just marked with “re-routing”, which is the same as the other header rewriting-based re-routing such as inter-donor-DU re-routing. 
Regarding Option 4, the BAP entity can use the default BAP Routing ID for inter-to-intra-topology re-routing. Although it appears to be a simple solution, in our understanding, further discussion is needed to determine which condition the default BAP Routing ID is used for, considering the other re-routing scenarios such as inter-topology re-routing and inter-donor-DU re-routing. 
As mentioned by some companies [3], the inter-to-intra re-routing is considered as a rare event. So, we don’t see any justification to optimize this case. In this sense, RAN2 should select Option 3 as it has the least specification impact. 
Proposal 1 RAN2 should agree to adopt Option 3 for inter-to-intra-topology re-routing without any optimization, i.e., the header rewriting is performed twice for inter-topology routing and for inter-to-intra-topology re-routing. 
2.1.2. BAP#03 
The open issue list identified BAP#01 as follows [1]. 

	BAP#03
	For inter-topology routing, the header rewriting configuration to include information that allows the boundary node to determine either the egress topology, or the ingress topology, or the traffic direction of a header-rewriting entry (selection of one of these expected)
	Down-selection among 3 options in RAN2 and then wait for the RAN3 detailed signalling design.


As the baseline assumption, the new Routing ID as result of the header rewriting is valid in either egress topology, regardless of the ingress topology where the packet comes from. 
With the first option, i.e., the egress topology, the new Routing ID in each header rewriting entry is associated with the applicable egress topology, so for upstream traffic the BAP entity at IAB-MT can determine the proper Next Hop BAP address in the routing procedure in all cases.  For downstream traffic, the BAP entity at IAB-DU can already determine whether the packet comes from F1-terminating CU’s topology or non-F1-terminating CU’s topology in the current running CR, i.e., “for the IAB-DU of boundary IAB-node, if the ingress link of this BAP Data PDU belongs to non-F1-terminating donor’s topology of the boundary IAB-node” [2]. However, the first option does not associate the old Routing ID in each header rewriting entry with the ingress topology, so it is still ambiguous for the BAP entity at IAB-DU whether header rewriting is needed for the incoming packet. 
Regarding the second option, i.e., the ingress topology, the old Routing ID in each header rewriting entry is associated with the applicable ingress topology, so the BAP entity can determine whether the incoming packet needs header rewriting, regardless of upstream or downstream. However, for upstream traffic the packet may be forwarded to either topologies (for inter-topology routing and inter-topology re-routing) or the same topology (for other cases). So, it is still ambiguous for the BAP entity at IAB-MT how the Next Hop BAP address is determined, since it’s unclear after header rewriting which topology the new Routing is applicable to. 
Regarding the third option, i.e., the traffic direction, each header rewriting entry is associated with either upstream or downstream. For the downstream traffic, the same issue with the first option may occur. Also, for the upstream traffic, the same issue with the second option can be observed. 
As summarized in Table 1 below, the combination of first option and second option could be considered as the most stable solution. 
Table 1
 Summary of information in header rewriting configuration
	
	First option: 
Egress topology
	Second option: 
Ingress topology
	Third option: 
Traffic direction

	Applicability
in header rewriting config.
	New Routing ID
	Old Routing ID
	Entry (both Routing IDs)

	Matching of 
Old Routing ID 
for header rewriting proc.
	Ambiguous ☹
in downstream
	Possible 😊
	Ambiguous ☹
in downstream

	Determination of 
Next hop BAP address
for routing proc.
	Possible 😊
	Ambiguous ☹
in upstream
	Ambiguous ☹
in upstream


On top of the observations above, the details should be further considered. In the last meeting, RAN2 achieved the following agreement [4]. 

	· [049] In configurations, the topology is referred to as “F1-terminating CU’s topology” vs. “non-F1-terminating CU’s topology”. The terms “F1-terminating CU” and “non-F1-terminating CU” to be defined in St2 spec. 


So, in each header rewriting entry, it’s straightforward to include the information to associate the old Routing ID with ingress topology, i.e., either F1-terminating CU’s topology or non-F1-terminating CU’s topology, and also associate the new Routing ID with egress topology, i.e., either F1-terminating CU’s topology or non-F1-terminating CU’s topology as well. 
Proposal 2 RAN2 should agree the combination of options with “ingress topology” and “egress topology” that in each header rewriting entry, the old Routing ID is associated with either F1-terminating CU’s topology or non-F1-terminating CU’s topology, i.e., as applicable ingress topology, and also the new Routing ID is associated with either F1-terminating CU’s topology or non-F1-terminating CU’s topology, i.e., as applicable egress topology. 
2.1.3. BAP#04 
The open issue list identified BAP#01 as follows [1]. 

	BAP#04
	FFS on whether the header rewriting configuration to include information that allows the boundary node to determine the entry for re-routing.
	Decision is needed in next meeting.

To be considered together with BAP#03.


The header rewriting operation is expected to be applied to various scenarios such as inter-topology routing, inter-topology re-routing, inter-to-intra-topology re-routing and inter-donor-DU re-routing. On the other hand, the header rewriting is not performed for intra-topology routing (i.e., the normal routing) and intra-donor-DU re-routing (i.e., local re-routing), as in Rel-16.  

In the transmitting operation, the header rewriting operation is performed first (if the incoming packet applies header rewriting). Afterwards, the routing is processed, and if the routing fails then the re-routing is performed [2]. 
For upstream packets, the ingress topology is always F1-terminating CU’s topology. Also, the old Routing ID in the header rewriting table is always associated with F1-terminating CU’s topology. Considering the inter-topology re-routing scenario, the ingress packet should not be header rewritten when it comes into the boundary IAB-node, since intra-topology routing is expected to be performed as the first step. If the intra-topology routing fails, then the packet is processed with the header rewriting and inter-topology re-routing.  However, for the incoming packet, the Destination field in the header matches the old Routing ID in the header rewriting table (i.e., in the entry for inter-topology re-routing), so the packet will be erroneously performed with header rewriting from the beginning, which leads to the skipping of intra-topology routing as the first step, i.e., it directly goes to the second step (the inter-topology re-routing after header rewriting). 
In this sense, each header rewriting entry should have information whether this entry is applied for routing or for re-routing. 
Proposal 3 RAN2 should agree that each header rewriting entry should have the information whether this entry is applied for routing or for re-routing. 
3. Conclusion 
In this contribution, the open issue BAP#01, BAP#03 and BAP#04 are discussed and the corresponding solutions are provided.  RAN2 is kindly asked to take into account the proposals below: 
Proposal 1
RAN2 should agree to adopt Option 3 for inter-to-intra-topology re-routing without any optimization, i.e., the header rewriting is performed twice for inter-topology routing and for inter-to-intra-topology re-routing.
Proposal 2
RAN2 should agree the combination of options with “ingress topology” and “egress topology” that in each header rewriting entry, the old Routing ID is associated with either F1-terminating CU’s topology or non-F1-terminating CU’s topology, i.e., as applicable ingress topology, and also the new Routing ID is associated with either F1-terminating CU’s topology or non-F1-terminating CU’s topology, i.e., as applicable egress topology.
Proposal 3
RAN2 should agree that each header rewriting entry should have the information whether this entry is applied for routing or for re-routing.
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