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1 Introduction

RAN2 # 116-e agreed [1]:

	=> 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




RAN2 # 116bis-e agreed [2]:

	=> 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)



RAN3 # 114-e agreed [3]:

	To address the source IP filtering during inter-Donor-DU re-routing, Option 4 (i.e. IP-based tunneling between IAB-donor-DUs) is considered. FFS on whether providing source IP address to target donor DU. 

RAN3 further discusses whether static or dynamic tunnel is established between IAB-donor-DUs for option 4.

RAN3 discusses the enhancement related to BAP routing towards the target IAB-donor-DU, after RAN2 make a decision.

For inter-Donor-DU re-routing, the re-routed packet is only allowed to be transmitted between IAB-donor-DUs.

The static tunnel is selected to be established between IAB-donor-DUs for inter-donor-DU re-routing.

The re-routed packet between IAB-donor-DUs can be an UL IP packet without BAP header.

Target donor-DU determines the UL packet to be re-routed, by comparing IP prefixes and/or a list of IP address(es) configured by donor-CU, and the source address field of the UL IP packet.

It is up to donor-CU implementation about when to send to target donor-DU the information used for distinguishing the re-routed UL packets. 


RAN3 # 114bis-e agreed [4]:

	The static tunnel can be configured by implementation or by donor-CU. Discussions on CU-based configuration are stopped for Rel17.

The release of IP prefixes and/or a list of IP address(es) of UL rerouted packets is left to donor-DU2 implementation.

CU1 sends to CU2 a list of potential IP prefixes and/or IP address(es) present in the source field of the UL packets to be transmitted from CU2’s donor-DU to CU1’s donor-DU


This contribution discusses the options for BAP header rewriting for UL inter-donor-DU re-routing based on these agreements as well as issues BAP#1 to #4 identified in [5], [6] and [7].

2 Discussion
2.1 Header rewriting for inter-donor-DU rerouting
RAN2 agreed that for inter-donor-DU re-routing, the BAP header needs to be rewritten with a new BAP routing ID that can be routed to the alternative IAB-donor-DU. The re-writing is based on a configuration that provides a mapping between ingress BAP routing ID and egress BAP routing ID. Optimizations can be considered, e.g., all ingress BAP routing IDs use the same default egress BAP routing ID.
The header re-writing is applied by every IAB-node that performs inter-donor-DU re-routing. It also needs to be considered for the boundary node. At the boundary node, inter-donor-DU rerouting becomes more complex since the donor-DUs belong to different topologies. Also, header re-writing due to inter-donor-DU rerouting needs to be differentiated from header re-writing due to inter-topology transport.

Email discussion [Post116bis-e][079][eIAB] on remaining open issues, [5], provided the following options for the selection of the egress BAP routing ID when applying rewriting for inter-donor-DU re-routing:

Option A: Re-writing is based on configurations of (Ingress BAP routing ID, Egress BAP routing ID)-pairs. 

Option B: Re-writing is based on a default egress BAP routing ID(s) configured for each parent link.

Option C: Re-writing is based on the BAP routing IDs in the routing entries configured for each parent link.

The following advantages and shortcomings need to be considered for each of these options:
Option A:

Advantages: This option enables scenarios where inter-donor-DU rerouting is only supported among subsets of IAB-donor-DUs. Such scenarios are rather unlikely to occur in actual deployments. In case they do occur, the mobile network operator can interconnect the subsets of IAB-donor-DUs via a static IP tunnel as supported based on RAN3 agreements.  
Shortcomings: Prior discussion in RAN2 have shown that the BAP-layer processing becomes very complex at the boundary node since it requires differentiating inter-topology routing from inter-to-intra-topology re-routing and intra-to-inter topology re-routing. For instance, the offline discussion [AT116bis-e][049][eIAB] , [7], identified that for this Option, the header-rewriting configuration for re-routing needs to be differentiated from the header-rewriting configuration for inter-topology routing.

Observation 1: Using Option A, i.e., explicit mappings (ingress BAP routing ID , egress BAP routing ID) for inter-donor-DU re-routing adds unnecessarily high complexity to the boundary node.
Option B:

Advantages: This option provides a low complexity solution. It further allows selecting one specific donor-DU as the destination for re-routing. This is beneficial since it does not require deactivation of source-IP-address-based filtering across the entire wireline backhaul network.  

Shortcomings: This solution has on actual short comings.
Observation 2: Using Option B, i.e., a default egress BAP routing ID for inter-donor-DU re-routing provides a low complexity solution without over-constraining the deployment of the wireline backhaul network.
Option C:

Advantages: This option provides a low complexity solution. Further, no additional configuration is needed.  

Shortcomings: Since the selection of the egress BAP routing ID can be freely selected from routing entries, source-IP-address filtering must be deactivated among all donor-DUs. This is a much more stringent requirement than for options A and B.
Observation 3: Using Option C, i.e., deriving the egress BAP routing ID for inter-donor-DU re-routing from the routing table is a low complexity solution but it puts stringent constraints on the deployment of the wireline backhaul network.

Based on this analysis, Option B provides the relevant benefits of inter-donor-DU re-routing with manageable overhead.

Proposal 1: Header rewriting for inter-donor-DU re-routing to be based on a default routing ID configured for each egress link. 
The default BAP routing ID for inter-donor-DU re-routing can be configured via RRC for each parent link. For the boundary node, the topology of this default BAP routing ID can be implicitly derived from the CU sending the RRC configuration.

Proposal 2: The default BAP routing ID for inter-donor-DU re-routing to be configured via RRC.

Proposal 3: For the boundary node, the default BAP routing ID for inter-donor-DU re-routing applies to the topology of the CU that sent the RRC configuration. 

The BAP processing for inter-donor-rerouting can be included into BAP routing, and it can be kept agnostic to the traffic direction:
	…

-    else if there is at least one egress link available that has a default BAP Routing ID configured for local re-routing:
-    select this egress link and replace the BAP Routing ID in the header of this BAP PDU with this default BAP Routing ID.


Proposal 4: TS 38.340 to include BAP header rewriting for re-routing into the routing procedure in a traffic-direction-agnostic manner.
2.2 BAP#01: Boundary-node header-rewriting inter-to-intra-topology re-routing

This issue was identified during last meeting and captured in email discussion [Post116bis-e][078][eIAB] [6]:
	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]


Note: Options 1, 2, and 3 only apply for inter-donor-DU re-routing Option C discussed in Section 2.1. Option 4 is identical to Option C discussed in Section 2.1/
Observation 4: Inter-to-intra topology re-routing Options 1, 2 and 3 only apply when inter-donor-DU re-writing is based on Option A, while Option 4 represents the same as Option C.
As discussed above, the only benefit of option A is that it allows inter-donor-DU re-routing to be restricted to subsets of IAB-donor-DUs. For Option 1, the pseudo-BAP-address used by a descendent node in topology 1 to send packets to a donor-DU in topology 2 must be the same as the donor-DU’s BAP-address in topology 1, so that inter-to-intra-topology rerouting can be applied if needed. This creates a potential constraint in case descendent node traffic is spread over multiple donor-DUs in topology 2 but only one donor-DU in topology 1. It implies that that these donor-DUs in topology 2 must be differentiated in topology 1 via Pseudo Path ID since they all carry the same Pseudo BAP address. This issues again indicates the complexity associated with Option A.
Options 2 and 3 do not have these issues. Either of them can be supported, however, the BAP processing at the boundary note becomes unnecessarily complex.
Observation 5: Inter-to-intra-topology re-routing Options 1, 2 and 3 result in unnecessarily high complexity of BAP processing at the boundary node.

Proposal 5: For BAP#1, inter-to-intra topology re-routing Option 4 to be supported (i.e., using a default routing ID for re-routing on each parent link).

2.3 BAP#02: St3 details on BH RLC CH mapping configuration, UL mapping configuration and routing configuration
This issue was identified during last meeting and captured in email discussion [Post116bis-e][078][eIAB] [6]:

	BAP#02
	The RAN3 signalling on how to include/configure the “information” in below:

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.

The UL mapping configuration to include information for the boundary node to determine the egress topology of each UL mapping entry.

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.
	Wait for the RAN3 detailed signalling design.


As suggested by the rapporteur of this email discussion, this issue can be handled by RAN3.

Proposal 6: BAP#2 to be handled by RAN3’s ST3 signaling design.

2.4 BAP#03: Down-selection on options for inter-topology header rewriting
This issue was identified during last meeting and captured in email discussion [Post116bis-e][078][eIAB] [6]:

	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.


The offline discussion [AT116bis-e][049][eIAB] , [7], identified the following interdependencies with the options 1, 2 and 3 for inter-to-intra topology re-routing discussed in section 2.3:
	· For intra-to-inter-topology re-routing Options 1 and 2, the header rewriting configuration can include information related to the egress topology, or the ingress topology or the traffic direction.

· For intra-to-inter-topology re-routing Option 3, the rewriting entry can include information related to the egress topology or the ingress topology. If it includes information on the traffic direction, additional information would be required so that the boundary node can differentiate between intra-to-inter-topology re-routing and inter-to-intra-topology re-routing entries. For this reason, we may only want to consider the information related to one of ingress or egress topology for Option 3.


In Rel-16, the BAP processing was specified in a traffic-direction-agnostic manner. It would be beneficial to follow this principal also in Rel-17. For that reason, the traffic direction should not be used to differentiate inter-topology header-rewriting entries.

Proposal 7: For BAP#3, the header-rewriting configuration for inter-topology-routing to include information on the egress topology.

2.5 BAP#04: The header-rewriting configuration to include information if for inter-topology routing or inter-donor-DU re-routing 
This issue was identified during last meeting and captured in email discussion [Post116bis-e][078][eIAB] [6]:

	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 offline discussion [AT116bis-e][049][eIAB] , [7], identified that such a differentiation is necessary. This differentiation, obviously, is only necessary for inter-donor-DU re-routing Option A, or, equivalently, inter-to-intra-topology re-routing Options 1, 2, and 3. 

If inter-donor-DU re-routing is based on a default BAP routing ID (Option C and Option 4), the differentiation to header-rewriting configurations for inter-topology routing is implicit.

Proposal 8: For BAP#4, if inter-donor-DU re-routing is based on Option A/Options 1,2,3, explicit information to be included in the header rewriting configuration to differentiate header rewriting for inter-donor-DU re-routing vs inter-topology routing.

3 Conclusion
This contribution discussed the options for BAP header rewriting for UL inter-donor-DU re-routing as well as issues BAP#1 to #4 identified in [5], [6] and [7]. The following observations and proposals were made:

Observation 1: Using Option A, i.e., explicit mappings (ingress BAP routing ID , egress BAP routing ID) for inter-donor-DU re-routing adds unnecessarily high complexity to the boundary node.

Observation 2: Using Option B, i.e., a default egress BAP routing ID for inter-donor-DU re-routing provides a low complexity solution without over-constraining the deployment of the wireline backhaul network.
Observation 3: Using Option C, i.e., deriving the egress BAP routing ID for inter-donor-DU re-routing from the routing table is a low complexity solution but it puts stringent constraints on the deployment of the wireline backhaul network.

Observation 4: Inter-to-intra topology re-routing Options 1, 2 and 3 only apply when inter-donor-DU re-writing is based on Option A, while Option 4 represents the same as Option C.

Observation 5: Inter-to-intra-topology re-routing Options 1, 2 and 3 result in unnecessarily high complexity of BAP processing at the boundary node.

Proposal 1: Header rewriting for inter-donor-DU re-routing to be based on a default routing ID configured for each egress link. 

Proposal 2: The default BAP routing ID for inter-donor-DU re-routing to be configured via RRC.

Proposal 3: For the boundary node, the default BAP routing ID for inter-donor-DU re-routing applies to the topology of the CU that sent the RRC configuration. 

Proposal 4: TS 38.340 to include BAP header rewriting for re-routing into the routing procedure in a traffic-direction-agnostic manner.

Proposal 5: For BAP#1, inter-to-intra topology re-routing Option 4 to be supported (i.e., using a default routing ID for re-routing on each parent link).

Proposal 6: BAP#2 to be handled by RAN3’s ST3 signaling design.

Proposal 7: For BAP#3, the header-rewriting configuration for inter-topology-routing to include information on the egress topology.
Proposal 8: For BAP#4, if inter-donor-DU re-routing is based on Option A/Options 1,2,3, explicit information to be included in the header rewriting configuration to differentiate header rewriting for inter-donor-DU re-routing vs inter-topology routing.
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