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Introduction

During RAN2#116bis e-meeting, the following agreements on header rewriting configuration and re-routing were achieved.     

	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. 

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.

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)


From the agreements, RAN2 needs to discuss which information, i.e. the egress topology, the ingress topology, or the traffic direction, is included in the header rewriting configuration for inter-topology routing. What’s more, how to configure rewriting mapping for re-routing is undecided yet. In this contribution, we focus on these two issues and give our considerations.
Discussion

In RAN2 116bis-e meeting, it was agreed that 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. However, it is not decided yet how to address rewriting mapping for the scenario of inter-to-intra-topology re-routing. There was a post email discussion after RAN2 116bis-e meeting and the below options for the scenario of inter-to-intra-topology re-routing were considered.
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.
According to RAN2’s agreement, 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. To achieve a unified design, it is suggested to support header rewriting for inter-to-intra-topology re-routing as well.

Proposal 1: To achieve a unified design, it is suggested to support header rewriting for inter-to-intra-topology re-routing.
Figure 1 shows intra-to-inter-topology re-routing and inter-to-intra-topology re-routing.
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Figure 1  Examples for intra-to-inter-topology re-routing and inter-to-intra-topology re-routing cases
In R16 IAB, upon receiving an UL packet, the IAB-node first performs routing to determine the next hop. Once the egress link corresponding to the next hop is not available, it would consider packet rerouting. In our view, we should follow R16 principle that the IAB-node first makes sure the availability of egress link corresponding to the routing ID within the UL packet. In case the egress link is not available, the IAB-node considers packet rerouting and performs header rewriting for the packet. After that, the IAB-node once more consults the routing table to determine the next hop based on the rewritten BAP header. 

For the case depicted in Figure (a), upon receiving a UL packet, the IAB-DU first judges that it receives a concatenated traffic or a non-concatenated traffic. Since the traffic is non-concatenated, the IAB-node performs routing for it. Then the IAB-node finds the egress link corresponding to the next hop is not available, so it looks up the rewriting mapping configuration to rewrite BAP header for the received packet. According to the new BAP header, the IAB-node finds an available next hop, i.e. IAB-node 2, and reroutes the packet to IAB-node 2. For Figure (b), suppose the received packet is concatenated traffic and needs header rewriting, the boundary node rewrites its BAP header with a new BAP header based on Header Rewriting Configuration. When performing routing, the boundary node finds the egress link corresponding to the next hop is not available. Then it further replaces the current BAP header with another new one based on the rewriting mapping for inter-donor-DU re-routing. After that, the boundary node once more checks the routing table to determine the next hop. Apparently, the rewriting mapping configuration 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. And there are two header re-writings for a packet. 
Proposal 2: The IAB-node first judges the availability of egress link corresponding to the routing ID within the UL packet. If the egress link corresponding to the next hop is not available, the IAB-node considers the packet as a re-routed packet and rewrites BAP header for it. 
During RAN2#116bis e-meeting, the following agreement was achieved.     

	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)


In our view, if all re-routed packets are delivered via a default route, congestion may happen and it is hard to guarantee the QoS requirement of the re-routed packets. In addition, the existing RRC message or F1AP message needs to be enhanced to indicate the default routing ID which is used for re-routing. So, we suggest donor-CU to determine the egress routing ID of the re-routed packets, where the same or different egress routing IDs can be configured for re-routed packets.   
Proposal 3: It is suggested for donor-CU to determine the egress routing ID of the re-routed packets, where the same or different egress routing IDs can be configured for re-routed packets.   
When it comes to the design of header rewriting configuration, a unified header rewriting configuration can be defined for both inter-topology routing and inter-donor-DU re-routing. For example, the header rewriting table includes entries corresponding to inter-topology routing, inter-to-intra-topology re-routing, intra-to-inter-topology re-routing, and intra-CU inter-donor-DU rerouting. An example of header rewriting table is shown below. Suppose the BAP addresses of donor-DU 1 and donor-DU 2 are A1 and A2, respectively.

Table 1 Header Rewriting Configuration including inter-topology routing and inter-donor-DU re-routing
	Old routing ID
	New routing ID

	A1+P1
	A2+P1  

	A1+P2
	A2+P2  


According to the agreed 38.340 running CR [1], the boundary node first judges the necessity of BAP header rewriting upon receiving an UL packet. Once receiving a UL packet with routing ID A1+P2, since such routing ID is in the rewriting table, the boundary node may regard the packet as a concatenated packet and rewrite BAP header for it. However, this packet should have been delivered to IAB-node 1 without header rewriting. To solve this issue, the header rewriting configuration needs to include information that allows the boundary node to determine the entry for re-routing, e.g. introducing a Rerouting indicator into the header rewriting configuration. 
Proposal 4: A unified header rewriting configuration is defined for both inter-topology routing and inter-donor-DU re-routing, including information allowing the boundary node to determine the entry for re-routing, e.g. introducing a Rerouting indicator into the header rewriting configuration. 

Routing ID collision in header rewriting configuration

Routing ID collision between intra-CU re-routing and inter-to-intra-topology re-routing

On the assumption of proposal 4, if the header rewriting table includes intra-CU inter-donor-DU rerouting and inter-to-intra-topology re-routing, BAP routing ID collision may occur. We take Figure 2 as an example. 

[image: image2.png]Donor-DU 2



         [image: image3.png]



Figure 2    (a) Intra-CU re-routing                        (b)    Inter-to-intra-topology re-routing

IAB-node 1 is dual-connected with donor-DU 1 and donor-DU 3. The BAP addresses of donor-DU 1, donor-DU 2 and donor-DU 3 are A1, A2 and A3, respectively. IAB-node 2 is first dual-connected with IAB-node 1 and donor-DU 2. The packet with routing ID A1+P1 could be re-routed via the SCG-path, as shown in Figure 2 (a). The new routing ID used for re-routing is A2+P1. The header rewriting configured to IAB-node 2 by donor-CU is shown in Table 2. Suppose RLF occurs between the IAB-node 2 and donor-DU 2. IAB-node 2 establishes inter-donor redundancy towards non-F1-terminating donor. The BAP address of non-F1-terminating donor-DU is A1. F1-terminating donor-CU may determine that the concatenated traffic with routing ID A1+P1 could be re-routed to donor-DU 3, as shown in Figure 2 (b). And the new routing ID is A3+P1. In this case, a new entry with previous routing ID A1+P1 and new routing ID A3+P1, is added to the header rewriting table, which is shown in Table 3.  
Table 2 Header Rewriting Configuration
	Previous routing ID
	New routing ID
	Rerouting indicator

	A1+P1
	A2+P1
	rerouting


Table 3 Header Rewriting Configuration including inter-to-intra-topology re-routing 
	Previous routing ID
	New routing ID
	Rerouting indicator

	A1+P1
	A2+P1
	rerouting

	A1+P1
	A3+P1
	rerouting


As we can see, the header rewriting configuration includes two entries with the same previous routing ID but different new routing IDs. Once there is a re-routed packet with previous routing ID A1+P1, IAB-node 2 does not know which new routing ID should be replaced with. It can be noticed that the previous routing ID of the intra-CU re-routed packet applies to F1-termianting donor’s topology, but that of the inter-to-intra-topology re-routed packet applies to non-F1-termianting donor’s topology. So if the header rewriting configuration includes information indicating the topology that the previous routing ID applies to, the routing ID collision issue can be solved. 

Observation 1: Routing ID collision may occur between intra-CU re-routing and inter-to-intra-topology re-routing.

Routing ID collision between BH traffic re-routing and access traffic re-routing

For access traffic re-routing, we think the boundary node also follows header rewriting configuration. So the header rewriting configuration could include entries related to access traffic re-routing. However, routing ID collision between BH traffic re-routing and access traffic re-routing may occur in this case. We take Figure 3 as an example. 
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Figure 3    (a) Intra-CU re-routing                (b)    Access traffic re-routing after inter-donor redundancy
IAB-node 1 is dual-connected with donor-DU 1 and donor-DU 3. The BAP addresses of donor-DU 1, donor-DU 2 and donor-DU 3 are A1, A2 and A3, respectively. IAB-node 2 is first dual-connected with IAB-node 1 and donor-DU 2. The packet with routing ID A1+P1 could be re-routed via the SCG-path, as shown in Figure 3 (a). The new routing ID used for re-routing is A2+P1. The header rewriting configured to IAB-node 2 by donor-CU is shown in Table 4. Suppose RLF occurs between the IAB-node 2 and donor-DU 2. IAB-node 2 establishes inter-donor redundancy towards non-F1-terminating donor. The BAP address of non-F1-terminating donor-DU is A1. The access traffic traversing in the F1-terminating donor’s topology, whose routing ID is A1+P1, could be re-routed to non-F1-terminating donor-DU, as shown in Figure 3 (b). And the routing ID used on the re-routed path is A1+P2. In this case, a new entry related to access traffic re-routing could be added to the header rewriting table, which is shown in Table 5.    
Table 4 Header Rewriting Configuration
	Previous routing ID
	New routing ID
	Rerouting indicator

	A1+P1
	A2+P1
	rerouting


Table 5 Header Rewriting Configuration including access traffic re-routing
	Previous routing ID
	New routing ID
	Rerouting indicator

	A1+P1
	A2+P1
	rerouting

	A1+P1
	A1+P2
	rerouting


As we can see, the header rewriting configuration includes two entries with the same previous routing ID but different new routing IDs. Once there is a re-routed packet with previous routing ID A1+P1, IAB-node 2 does not know which new routing ID should be replaced with. It can be noticed that the new routing ID of the first entry in Table 5 applies to F1-termianting donor’s topology. But the new routing ID of the second entry in Table 5 applies to non-F1-termianting donor’s topology. So if the header rewriting configuration includes information indicating the topology that the new routing ID applies to, the routing ID collision issue can be solved. 

Observation 2: The re-routing entry for boundary node’s access traffic may be conflicted with that for boundary node’s BH traffic.

Based on above analysis, the header rewriting configuration needs to indicate the topology that the new routing ID applies to and the topology that the previous routing ID applies to.
Proposal 5: The header rewriting configuration needs to include information indicating the topology that the new routing ID applies to and the topology that the previous routing ID applies to. 
Conclusion

In this contribution, we discuss the BAP routing and rerouting, and have the following observations and proposals:

Observation 1: Routing ID collision may occur between intra-CU re-routing and inter-to-intra-topology re-routing.

Observation 2: The re-routing entry for boundary node’s access traffic may be conflicted with that for boundary node’s BH traffic.

Proposal 1: To achieve a unified design, it is suggested to support header rewriting for inter-to-intra-topology re-routing.
Proposal 2: The IAB-node first judges the availability of egress link corresponding to the routing ID within the UL packet. If the egress link corresponding to the next hop is not available, the IAB-node considers the packet as a re-routed packet and rewrites BAP header for it. 
Proposal 3: It is suggested for donor-CU to determine the egress routing ID of the re-routed packets, where the same or different egress routing IDs can be configured for re-routed packets.   
Proposal 4: A unified header rewriting configuration is defined for both inter-topology routing and inter-donor-DU re-routing, including information allowing the boundary node to determine the entry for re-routing, e.g. introducing a Rerouting indicator into the header rewriting configuration. 
Proposal 5: The header rewriting configuration needs to include information indicating the topology that the new routing ID applies to and the topology that the previous routing ID applies to. 
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