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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During the online discussion at RAN2#116-e meeting[1], both intra-topology and inter-topology routing were discussed and there were the following agreements: 
	Inter Topology Routing
· Go with B, including the following: 
- If BAP address matches, deliver to upper layer;
Else:
- If routing ID matches rewriting table, perform the header rewriting;
- perform routing and mapping to BH RLC CH.
· For downstream, the boundary node is able to identify/differentiate the traffic routed from inter-topology vs. the traffic routed from intra-topology, based on the ingress link.
· For downstream at the boundary node, for any received data from inter-topology identified by the ingress link:
The data is delivered to upper layer, if the BAP address in the header is same as the boundary node BAP address configured in the topology of the ingress link (of this packet); otherwise, the data is determined as to be header rewritten (assumes support only of topology where decedent nodes belong to same topology).
(This requires that traffic not terminated at the boundary node should not use the BAP address in header same as the boundary node BAP address configured in the topology of the ingress link.)
Perform the header rewriting based on the configured rewriting table, and then perform routing and mapping to BH RLC CH.
· For upstream at the boundary node, for any received data from lower layer:
We may keep the ingress BAP text of R16 (that is intended for donor DU but general in Stage-3), i.e. if the BAP address in header match the boundary node BAP address configured in the topology of the ingress link, deliver to upper layer. 
The data is determined as to be header rewritten and perform the header rewriting accordingly, if routing ID in header matches any “previous routing ID” in the rewriting table; and then perform routing and mapping to BH RLC CH.
Intra topology
· For Upstream, The pre-condition/criteria of “BAP header rewriting for re-routing” is that there is no available next hop found based on BAP routing ID and based on BAP address in the routing table (e.g. due to BH RLF, congestion or type2 indication, etc.), as in R16.
· Will have rewriting mapping configuration(s) Old routing ID to New routing ID that limits the possible rewriting (for all cases of re-writing), details FFS


According the above agreements, the basic routing scheme are already been properly concluded. The rest open issues are summarized in [2]. This paper shares our view on these open issues and further discusses additional remaining issues.
2. Discussion
In the following, we address the open issues summarized in [2] one by one. 
The term "Topology 1" and Topology 2" defined in [3], Wherein “Topology 1” means the topology segment comprising the experienced IAB nodes in the ingress CU topology and Topology 2 means the topology segment comprising the experienced egress IAB nodes in the egress CU topology. Topology 1 and Topology 2 are defined respectively for UL and DL inter-topology offloading.
When configuring the boundary node, there was some concern that the boundary may receive conflicting configuration. The configurations may be BAP addresses, BAP routing IDs, and BH RLC Channels. So, there is any to guarantee that the boundary node is well configure to avoid conflicting configuration, with regard to Topology 1 and Topology 2. 

2.1. Issue on configurations at the boundary node [2]

	On the issue [2]: 
· how to decide whether:
· BAP address of boundary node in RRC refers to: topology 1 vs. topology 2



On how the configuartion is indicated may either be explicitly or implicitly. From our understanding the boundary node can receive separate BAP address configuration for each topology from CU1 or CU2. By CU sending the RRC configuration can implicitly indicated whether the configuration is related to Topolgy 1 or Topology 2. And, the boundary node can know that the BAP address configuration applies to the topology of the CU1 or CU2. Thus, there is no need to explicitly indicate whether the configuration is for Top 1 or Top2.
Therefore,
[bookmark: _Hlk92778408]BAP address of boundary node configuration is implicitly indicated based on the CU which sends the RRC configuration.
	On the issue[2]: 
· How to decide whether
· Mapping of next-hop BAP address to egress link config in RRC (UL): Topology 1 vs. Topology 2.
· Consider implicit indication, e.g., based on the CU sending the RRC configuration (or RRC container).


For the configuration of the boundary node mapping of next-hop BAP address to egress link, the boundary can be configured with separate next-hop BAP address configuration for each egress link by RRC configuration. So, the boundary node is able to know for which topology the mapping of next-hop BAP address egress link is for based on the CU (CU1 or CU2) that provide the configuration. Thus, there is no need for explicit indication of mapping of next-hop BAP address to egress link at boundary node.
Therefore,
There is no need for implicit indication of mapping of next-hop BAP address to egress link and the next-hop-BAP-address configuration applies to the topology of the CU that provide the RRC configuration 

	On the issue[2]: 
· How to decide whether
· BAP routing entry in F1AP refers to: Topology 1 DL vs. topology 1 UL vs. topology 2 UL
· Consider adding explicit indicator to BAP rewriting entry, e.g.:  
· Option 1: Explicit indicator of top1 DL, top1 UL, top 2 UL.
· Option 2: Explicit indicator of egress topology (UL and DL differentiation within egress topology same as in Rel-16, i.e., based on implementation).


From above analysis, the boundary node can implicitly know whether the BAP configuration refer to Topology 1 or Topology 2. Thus, the issue become whether the configuration of F1AP refer to:
· Topology 1 DL vs. topology 1 UL or
· Topology 2 UL
As the boundary node may receive configuration for Topologies, we think the best way is to reuse Rel-16 based solution and explicitly add indication of egress topology UL or DL differentiation.
Therefore, 
Explicit indicator of egress topology (UL and DL differentiation within egress topology) is used to indicated whether BAP routing entry in F1AP refers to: Topology 1 DL vs. topology 1 UL vs. topology 2 UL
	On the issue[2]: 
· how to decide whether:
· BAP rewriting entry in F1AP (RAN3 WA) refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology UL.
· Consider adding explicit indicator to BAP rewriting entry, e.g.: 
· Option 1: Explicit indicator of inter-DL, inter-UL, intra-UL (St3: inter-DL may be implicit by just not having the inter/intra-UL indicator).
· Option 2: Explicit indicator of top1 vs. top2 for each of the two BAP routing IDs in the entry.



According to RAN3 agreement, the boundary node performs BAP header rewriting only for traffic routed on BAP layer from a BH link in one topology.
· RAN3 prefers that the boundary node performs BAP header rewriting only for traffic routed on BAP layer from a BH link in one topology to a BH link in the adjacent topology, for both UL and DL traffic.
RAN3 further made the following working assumption:
WA: F1AP is used for header-rewriting configuration on the boundary node.
Therefore,
RAN2 to take RAN3 WA that F1AP is used for header-rewriting configuration on the boundary node, as baseline
For both intra-topology UL and Inter-topology DL BAP header rewriting, the previous BAP routing ID in the BAP PDU is configured by the CU of Topology 1 and the target BAP routing ID is configured by the CU of Topology 2, wherein Topology 1 and Topology 2 are respectively defined for inter-topology UL and Inter-topology DL cases. We understand that just some implicit configuration from CU (CU 1 or CU2) is sufficient to allow the boundary knows whether the BAP rewriting entry in F1AP refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology UL. By considering that the boundary IAB node has separate UL/DL BAP header rewriting table for inter-topology routing and a BAP routing table for intra-topology UL/DL routing.
Thus,
Observation 1	The boundary IAB node may have separate UL/DL BAP header rewriting table for inter-topology routing and a BAP routing table for intra-topology UL/DL routing.
Thus, an implicit indicator may be considered for BAP rewriting entry of inter-DL, inter-UL, intra-UL (St3: inter-DL may be implicit by just not having the inter/intra-UL indicator).
Therefore,
Indication of BAP rewriting entry in F1AP (RAN3 WA) refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology UL of inter-DL, inter-UL, intra-UL (St3: inter-DL may be implicit by just not having the inter/intra-UL indicator).
	On the issue [2]: 
· how to decide whether:
· BH RLC CH mapping in F1AP refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology DL vs. intra-topology UL.
· Consider adding explicit indicator to BH RLC CH mapping entry, e.g.: 
· Option 1: Explicit indicator of inter-DL, inter-UL, intra-DL, intra-UL.
· Option 2: Explicit indicator of top1 vs. top2 for each of the (BH RLC CH ID, next/prior hop BAP address) pair in the entry.



The bearer mapping is between one ingress BH link and the egress BH link. The ingress/egress BH link and the owned BH RLC channels are coupled. The boundary node may have more than one egress link, e.g., in inter-topology [3] case 
· Case 4: Data from CU1 topology originally to be forwarded to CU2 topology, but re-routed to CU1 topology due to RLF. [i.e. concatenated traffic’s inter-topology re-routing]
If there is no indication of UL/DL, when IAB 2 received traffic received by IAB1, IAB 2 may not know whether to forward the traffic to IAB4 in DL or IAB3 in UL. Thus, an indication of inter-DL, inter-UL, intra-DL, intra-UL.
Therefore,
For BH RLC CH mapping in F1AP refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology DL vs. intra-topology UL, an indication may useful to indicate of inter-DL, inter-UL, intra-DL, intra-UL.
	On the issue [2]: 
· UL mapping in F1AP refers to: Topology 1 vs. topology 2.
· Consider adding explicit indicator to UL mapping.



At boundary node, each UL mapping may include a BAP routing ID and a list of BH RLC CH IDs and next-hop BAP address. Similar to what has been discussed above, when the boundary node IAB2 received traffic from IAB4, IAB2 needs to be aware on which UL link the traffic should mapped to. As the boundary node is at the intersection of two UL of two nodes belonging to different topologies, an indication of the UL topology would enough for the boundary IAB node to know on which UL link the traffic should be forwarded to.
Therefore
An indicator to UL Topology for UL mapping in F1AP would help indicate on which topology UL link a traffic should be mapped to at boundary node

2.2. BAP rewriting table at the boundary node
A common or different rewriting tables can be considered for inter-topology UL and inter-topology DL header rewriting. If one common rewriting table is used for both inter-topology UL and inter-topology DL header rewriting, in the rewriting table there are both entry types, wherein first entry type is the BAP routing ID provided by CU1 and the second entry type is provided by CU2. For inter-topology UL routing, a boundary IAB node should look up the entries (i.e. BAP routing ID) provided by CU1 to determine the target BAP routing ID provided by CU2, while for inter-topology DL routing, the boundary IAB node should look up the entries (i.e. BAP routing ID) provided by CU2 to determine the target BAP routing ID provided by CU1. This means that the boundary IAB node should be able to determine whether an entry is a BAP routing ID provided by CU1 or CU2, in order for inter-topology UL header rewriting and inter-topology DL header rewriting. Another option is to have respective header rewriting tables for inter-topology UL and DL,  wherein the rewriting table in case of inter-topology UL only entries (i.e. BAP routing IDs) provided by CU1 are included and in the one for header rewriting in case of inter-topology DL, only entries (i.e. BAP routing IDs) provided by CU 2 are included. In this case, there is no need to explicitly indicate whether an entry belongs to Topology 1 or Topology 2.
RAN2 consider the following inter-topology header rewriting table configuration options inter-topology UL and inter-topology DL:
a. Alt 1 respective inter-topology header rewriting tables;
b. Alt 2 shared inter-topology header rewriting table.
If Alt.1 is adopted, there is no need to have explicit indicator to indicate by which CU the entry (BAP routing ID) is provided in a rewriting table.
If Alt.2 is adopted, the entries for UL header rewriting and DL header rewriting are placed in the same table. To facilitate the boundary IAB node to differentiate an entry is for header rewriting for BAP PDU forwarding from Topology 1 to Topology 2 or vice versa, an explicit indicator is needed to indicate the topology of each entry.
Thus, if Alt 2 is adopted, each entry should be assigned with an indicator to indicate if this entry (i.e. BAP routing ID) is for inter-topology DL routing or inter-topology UL routing.
After header rewriting, the boundary IAB node should further determine the egress BH link based on the new BAP routing ID and using the corresponding intra-CU BAP routing table of the target topology in which the BAP PDU is to be transmitted. 
RAN2 consider that the boundary IAB node has two types of BAP routing tables:
a. rewriting BAP header for inter-topology routing
b. rewriting BAP header for intra--topology routing 
After inter-topology header rewriting, the boundary IAB node performs routing following the existing procedure based on the intra-CU BAP routing table of the target topology in which the BAP PDU is to be further transmitted.
For intra-topology header rewriting is needed for UL forwarding when the BAP address in the previous donor-DU is not reachable and there is at least one alternative donor-DU, to avoid packet loss in case of BH RLF, migration or congestion. The BAP address for the alternative donor-DU can be regarded as equivalent BAP address. The IAB node should be configured with equivalent destination BAP addresses for header rewriting.
For intra-CU inter-donor DU UL rerouting, the IAB node should be configured with alternative BAP address for BAP address to be rewritten.
In case of intra-CU inter-DU UL migration, a BAP carried the BAP address of the old donor DU should be rerouted with header rewriting. In this case, the target donor DU can be regarded as an equivalent destination BAP address to the previous BAP address, i.e. configuration of equivalent BAP address in this case is not needed.
For intra-CU inter-DU migration, the IAB node rewrites the BAP address of a BAP PDU to be rerouted to a preconfigured equivalent BAP address.
In case there are more than two equivalent BAP address to a BAP address, a group BAP address can be considered for these equivalent BAP addresses. The benefit to use the group BAP address for equivalent BAP addresses is that any subsequent IAB node can flexible select the egress link according to any of the equivalent BAP addresses belonging to the group according the local traffic load situation of the egress link corresponding to the equivalent BAP addresses. 
RAN2 consider to define group BAP address to multiple equivalent BAP addresses to a BAP address to be rewritten for intra-CU inter-donor-DU local rerouting.

3. Conclusion
The observations and proposals are the following:
Observation 1	The boundary IAB node may have separate UL/DL BAP header rewriting table for inter-topology routing and a BAP routing table for intra-topology UL/DL routing.

Based on the above discussions and observations, we have the following proposals:

1.     BAP address of boundary node configuration is implicitly indicated based on the CU which sends the RRC configuration.
There is no need for implicit indication of mapping of next-hop BAP address to egress link and the next-hop-BAP-address configuration applies to the topology of the CU that provide the RRC configuration 
Explicit indicator of egress topology (UL and DL differentiation within egress topology) is used to indicated whether BAP routing entry in F1AP refers to: Topology 1 DL vs. topology 1 UL vs. topology 2 UL
RAN2 to take RAN3 WA that F1AP is used for header-rewriting configuration on the boundary node, as baseline
Indication of BAP rewriting entry in F1AP (RAN3 WA) refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology UL of inter-DL, inter-UL, intra-UL (St3: inter-DL may be implicit by just not having the inter/intra-UL indicator).
For BH RLC CH mapping in F1AP refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology DL vs. intra-topology UL, an indication may useful to indicate of inter-DL, inter-UL, intra-DL, intra-UL.
An indicator to UL Topology for UL mapping in F1AP would help indicate on which topology UL link a traffic should be mapped to at boundary node
RAN2 consider the following inter-topology header rewriting table configuration options inter-topology UL and inter-topology DL:
a. Alt 1 respective inter-topology header rewriting tables;
b. Alt 2 shared inter-topology header rewriting table.
RAN2 consider that the boundary IAB node has two types of BAP routing tables:
a. rewriting BAP header for inter-topology routing
b. rewriting BAP header for intra--topology routing 
After inter-topology header rewriting, the boundary IAB node performs routing following the existing procedure based on the intra-CU BAP routing table of the target topology in which the BAP PDU is to be further transmitted.
For intra-CU inter-donor DU UL rerouting, the IAB node should be configured with alternative BAP address for BAP address to be rewritten.
For intra-CU inter-DU migration, the IAB node rewrites the BAP address of a BAP PDU to be rerouted to a preconfigured equivalent BAP address.
RAN2 consider to define group BAP address to multiple equivalent BAP addresses to a BAP address to be rewritten for intra-CU inter-donor-DU local rerouting.
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