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1. Introduction
In the RAN2#116bis e-meetings, the following conclusions on BAP header rewriting based (re)routing are agreed. 
· For each topology, the BAP address is configured to the boundary node by the CU of that topology via RRC (may need to check different scenarios). 
· In the Routing configuration: A BH link and the corresponding next-hop BAP address belong to the topology of the CU that provided the configuration of that BH link and next-hop BAP address.
· The header rewriting configuration is provided via F1AP.
· For the two scenario of inter-topology routing and intra-to-inter-topology re-routing, there is only one header rewriting for a packet, where the header rewriting entry includes the BAP routing ID of the packet’s ingress topology and the BAP routing ID of the packet’s egress topology.
· [049] 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). RAN3 to handle the St3-related aspects. 
· [049] The BH RLC CH mapping configuration of the boundary node includes information for the boundary node to differentiate mappings based on ingress topology and egress topology.
· [049] The UL mapping configuration to include information for the boundary node to determine the egress topology of each UL mapping entry.
· [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. 
· [049] Determination/execution of header rewriting is handled by the BAP TX entity.
· [049] The routing configuration to include information that allows the boundary node to determine the topology each routing entry applies to. RAN3 to decide on St3-related aspects.
· [049] 17 tdocs above are Noted
This meeting also agreed the following FFS issues.
· FFS if The routing entry is associated by configuration with the topology the entry applies to, e.g. by an explicit indicator.
· FFS if The header rewriting configuration to include an indicator, which identifies either the egress topology, or the ingress topology, or the traffic direction (RAN2 to select one of these three options).
· Referring to previous agreement “Will have rewriting mapping configuration(s) Old routing ID to New routing ID that limits the possible rewriting (for all cases of re-writing)”: It is FFS whether for upstream there would be a configuration optimization such that the “New Routing ID” is the same for all entries (a.k.a. default routing ID)
This proposal is devoted to solving the leftover issues for BAP header rewriting based (re)routing
2. Discussion
The last meeting has agreed the following conclusions on inter-topology routing and intra-to-inter-topology re-routing:
	· For the two scenario of inter-topology routing and intra-to-inter-topology re-routing, there is only one header rewriting for a packet, where the header rewriting entry includes the BAP routing ID of the packet’s ingress topology and the BAP routing ID of the packet’s egress topology.
· [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. 
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Figure 1. Re-routing in topology redundancy scenario.
We continue to consider the upstream traffic re-routing cases in the topology redundancy scenario, as shown in Fig. 1. For example, in Fig.1-(a), for the inter-to-intra-topology re-routing case, the upstream traffic is “re-routed” back to CU1 topology (i.e., “F1-terminating CU’s topology” ) when there is RLF on the link from the boundary node to its parent node in CU2 topology (i.e., “non-F1-terminating CU’s topology” ), so these traffic can arrive the destination with the help of CU1 topology although they were originally forwarded via CU2 topology. 
2.1 Minor spec modelling issue
The above “BAP header rewriting based re-routing” is performed by two pre-conditions: 1) there is an available egress link and 2) there is an matched entry in the Header rewriting table for re-routing. Thus, it is proposed, 
Proposal 1a: RAN2 to confirm: “Once the “BAP header rewriting based re-routing” is triggered, BAP routes the data to the available egress link, if there is a matched entry in the Header rewriting table for re-routing.”
If above proposal 1 is agree, i.e. header rewriting table configuration is the pre-condition of re-routing, there is no significant difference between “egress link selection first” and “header rewriting first”, in the header rewriting for re-routing case.
Observation 1: If above proposal 1 is agree, i.e. header rewriting table configuration is the pre-condition of re-routing, there is no significant difference between “egress link selection first” and “header rewriting first”, in the header rewriting for re-routing case.
Proposal 1b: In the header rewriting for re-routing, the egress link selection can be executed before the header rewriting by implementation, i.e. “header rewriting first” modelling is used from specification perspective.
2.2 BAP#4: specific entry for re-routing
	BAP#04
	FFS on whether the header rewriting configuration to include information that allows the boundary node to determine the entry for re-routing.


Then, we need to discuss the need of separate header rewriting entries for inter-topology routing and intra-to-inter-topology re-routing, rather than only one merged header rewriting table to include both cases. 
Specifically, in upstream, the header rewriting entry for inter-topology routing is always checked for each data, but the header rewriting entry for re-routing should only be checked in case of RLF. With one merged upstream header rewriting table, one data originally supposed to be routed to CU1 topology (and configured with header rewriting for intra-to-inter-topology re-routing entry) will be erroneously determined as/executed the “header rewriting for inter-topology routing” and routed to CU2 topology, due to header rewriting entry matching, even when there is no RLF.
Due to the above reasons, it is proposed, 
Proposal 2: In upstream, the header rewriting for inter-topology routing and intra-to-inter-topology re-routing should have separate entries (i.e. specific indicator on the entry for re-routing).
2.3 BAP#3: inter-topology routing indicator
	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)


As to the above issue, there is no significant difference among those options above with regarding to this configuration information. We propose:
Proposal 3: For inter-topology routing, the header rewriting configuration to include information that allows the boundary node to determine the traffic direction of a header-rewriting entry (i.e. CU2toCU1 vs. CU1toCU2).
2.4 Entry types for BAP header rewriting (derived from #3&#4)
Then, the above proposal 2 and proposal 3 indicate that the separate rewriting tables for inter-topology upstream routing, inter-topology downstream routing, and re-routing, respectively, need to be configured in the boundary node. This can be further summarized as following three types of entries:
	Entry Type#1: CU2toCU1 Header Rewriting Entry (non-F1-terminating donor’s topology routing ID -> F1-terminating donor’s topology routing ID);  
Entry Type#2: CU1toCU2 Header Rewriting Entry (F1-terminating donor’s topology routing ID -> non-F1-terminating donor’s topology routing ID);
Entry Type#3: Header Rewriting Entry of Re-routing (F1-terminating donor’s topology routing ID ->new routing ID).


Therefore, it is proposed, 
Proposal 4: In total, following 3 types of header rewriting entries should be configured to boundary node (i.e. containing the traffic direction information for routing and specific entry for re-routing): 
· Entry Type #1: CU2toCU1 Header Rewriting Entry (non-F1-terminating donor’s topology routing ID -> F1-terminating donor’s topology routing ID);  
· Entry Type #2: CU1toCU2 Header Rewriting Entry (F1-terminating donor’s topology routing ID -> non-F1-terminating donor’s topology routing ID);
· [bookmark: _GoBack]Entry Type #3: Re-routing specific Header Rewriting Entry (F1-terminating donor’s topology routing ID -> new routing ID).
We demonstrate the above 3 types of rewriting tables given in Proposal 4 through the example shown in Fig. 2, in which each distinct color of path indicates that the boundary node uses a different type of rewriting table to rewrite the BAP header of the traffic going through this path. It is seen that the boundary node performs the header rewriting for 4 types of inter-topology traffic going through 4 different colors of path, by using the proposed 3 type of rewriting tables. 
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Figure 2. Head rewriting for inter-topology upstream routing, downstream routing, and re-routing.
2.5 BAP#1: inter-to-intra-topology re-routing
	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.


“Option 1: 
· Lookup inter-topology rewriting entries for top1 top2: Match found
· Since top2 egress link is not available:
· Apply routing in top1”                                   As captured in R2-2201879
The drawback of option 1: It requires F1-terminating CU implementation to always configure the BAP address in header to be same as the source donor-DU, for upstream data.
“Option 2: 
· Lookup inter-topology rewriting entries for top1 top2: Match found
· Since top2 egress link is not available, 
· Lookup inter-to-intra rewriting entries based on ingress BAP routing ID: Match found
· Rewrite header based on match
· Route packet in top1”                              As captured in R2-2201879
The drawback of option 2: It implies the routing table check should be performed before header rewriting, with regarding to the “Since top2 egress link is not available”. IAB node has to perform routing function/table check to determine which BH link is the original egress link. This modelling is conflict with the previous agreement.
Option 4 is just configuration optimization on the header rewriting mapping, compared with option 2/3. From procedure perspective, it is same as option 2/3. The only difference of option 4 is to limit the new routing ID as “single default routing ID” in the header rewriting mapping.
Proposal 5：Use the option 3 for the scenario of inter-to-intra-topology re-routing.
Based on the above proposals, we give the overall BAP procedure as follows for option 3 and with the proposed entry types:
Proposal 6: The overall BAP handing at TX is:
Perform header rewriting for inter-topology routing (using entries #1), if it is from non-F1-terminating donor’s topology (for DL case).
Perform header rewriting for inter-topology routing (using entries #2), if it is originally supposed to be forwarded to non-F1-terminating donor (for UL case).
If it is “non-F1-terminating donor topology data”:
· routing table check, using entries for non-F1-terminating donor topology data:
-  if the next hop is available, send to the egress link;
-  if the next hop is not available, perform header rewriting for re-routing (using entries #1), send to the alternative egress link.
If it is NOT “non-F1-terminating donor topology data”:
· routing table check, using entries for F1-terminating donor topology data:
-  if the next hop is available, send to the egress link;
-  if the next hop is not available, perform header rewriting for re-routing (using entries #3), send to the alternative egress link. 

2.6 Option a to d: Re-writing mapping configurations for UL inter-donor-DU re-routing
	· Referring to previous agreement “Will have rewriting mapping configuration(s) Old routing ID to New routing ID that limits the possible rewriting (for all cases of re-writing)”: It is FFS whether for upstream there would be a configuration optimization such that the “New Routing ID” is the same for all entries (a.k.a. default routing ID)
The following options for the optimization of rewriting mappings for UL inter-donor-DU re-routing have been proposed in prior meetings/discussions:
Option a: No optimization, i.e., inter-donor-DU re-routing uses configurations of (Ingress BAP routing ID, Egress BAP routing ID)-pairs. For this option, we need to resolve the ambiguity between re-routing and inter-topology routing for a boundary node as discussed during [AT116bis-e][049][eIAB].
Option b: Rewriting mapping for inter-donor-DU re-routing is based on a default egress BAP routing ID(s) configured for each parent link.
Option c: Rewriting mapping for inter-donor-DU re-routing is based on the BAP routing IDs included in the routing entries configured for each parent.
Option d: Others.



Option b can be optimization considered by RAN3. But there seems no time to discuss the optimization in the very last meeting.
Option c is conflict with the agreement “Will have rewriting mapping configuration(s)”.
Proposal 7: Option a (no optimization) for header rewriting mappings for UL inter-donor-DU re-routing.

3. Conclusion
In this contribution, we aim to address the leftover issues for BAP header rewriting based (re)routing. It is proposed, 
Observation 1: If above proposal 1 is agree, i.e. header rewriting table configuration is the pre-condition of re-routing, there is no significant difference between “egress link selection first” and “header rewriting first”, in the header rewriting for re-routing case.
Proposal 1a: RAN2 to confirm: “Once the “BAP header rewriting based re-routing” is triggered, BAP routes the data to the available egress link, if there is a matched entry in the Header rewriting table for re-routing.”
Proposal 1b: In the header rewriting for re-routing, the egress link selection can be executed before the header rewriting by implementation, i.e. “header rewriting first” modelling is used from specification perspective.
Proposal 2: In upstream, the header rewriting for inter-topology routing and intra-to-inter-topology re-routing should have separate entries (i.e. specific indicator on the entry for re-routing).
Proposal 3: For inter-topology routing, the header rewriting configuration to include information that allows the boundary node to determine the traffic direction of a header-rewriting entry (i.e. CU2toCU1 vs. CU1toCU2).
Proposal 4: In total, following 3 types of header rewriting entries should be configured to boundary node (i.e. containing the traffic direction information for routing and specific entry for re-routing): 
· Entry Type #1: CU2toCU1 Header Rewriting Entry (non-F1-terminating donor’s topology routing ID -> F1-terminating donor’s topology routing ID);  
· Entry Type #2: CU1toCU2 Header Rewriting Entry (F1-terminating donor’s topology routing ID -> non-F1-terminating donor’s topology routing ID);
· Entry Type #3: Re-routing specific Header Rewriting Entry (F1-terminating donor’s topology routing ID -> new routing ID).
Proposal 5：Use the option 3 for the scenario of inter-to-intra-topology re-routing.
Proposal 6: The overall BAP handing at TX is:
Perform header rewriting for inter-topology routing (using entries #1), if it is from non-F1-terminating donor’s topology (for DL case).
Perform header rewriting for inter-topology routing (using entries #2), if it is originally supposed to be forwarded to non-F1-terminating donor (for UL case).
If it is “non-F1-terminating donor topology data”:
· routing table check, using entries for non-F1-terminating donor topology data:
-  if the next hop is available, send to the egress link;
-  if the next hop is not available, perform header rewriting for re-routing (using entries #1), send to the alternative egress link.
If it is NOT “non-F1-terminating donor topology data”:
· routing table check, using entries for F1-terminating donor topology data:
-  if the next hop is available, send to the egress link;
-  if the next hop is not available, perform header rewriting for re-routing (using entries #3), send to the alternative egress link. 
Proposal 7: Option a (no optimization) for header rewriting mappings for UL inter-donor-DU re-routing.
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