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Introduction
One of the objectives of release 17 IAB WI from RP-193251 is:	
	Topology, routing and transport enhancements [RAN2-led, RAN3]:
· Specifications of enhancements to improve topology-wide fairness, multi-hop latency and congestion mitigation 


		
In this contribution we present a way to mitigate congestion.
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Data splitting through multiple paths
The current architecture of IAB supports an IAB node connecting to two parent nodes. See Figure 1 below:


[bookmark: _Ref47016007]Figure 1
The purpose of supporting multiple routes in IAB is to obtain throughput gains and redundancy by utilizing the multiple routes. In order to achieve these goals, it is necessary to be able to route data along both/multiple routes to and from the UE. 
When PDCP is operated with a split bearer, a parameter ul-DataSplitThreshold is used to determine whether the uplink data is split into the two paths as follows:
· If the data volume at the PDCP layer is more than the ul-DataSplitThreshold threshold, PDCP indicates to both MAC layers this PDCP data volume. Otherwise, the data volume is indicated only to the MAC layer of the primary path.
· The intention is to use both paths only if the data volume is more than the threshold and otherwise just use the primary path. There is no explicit separation of data into the first and second path. As the two MAC layers request and receive grants the data volume remaining at PDCP reduces.
Given that IAB nodes do not have PDCP functionality, it is understood and described in section 6.11 TS 38.300[1] that BAP layer is responsible for routing data for a given UE bearer along multiple routes. 
However, in section 6.11.3 TS 38.300 [1], it stated that:
	“The IAB-node can receive multiple routing configurations with the same destination BAP address but different BAP path IDs. These routing configurations may resolve to the same or different egress BH links. In case the BH link has RLF, the IAB-node may select another BH link based on routing entries with the same destination BAP address, i.e., by disregarding the BAP path ID. In this manner, a packet can be delivered via an alternative path in case the indicated path is not available.”
Observation 1: Section 6.11.3 TS 38.300 only allows IAB-node to select another BH link (if configured) when the current link has RLF.
Proposal 1: IAB node should always be allowed to select another BH link (if configured)
Downstream traffic
Consider the IAB network as shown in Figure 1, to split the data, the IAB-donor needs to assigns two BAP routing ID toward IAB node 3, then split the data according to implementation. There is no need for specification changes.
Observation 2: Current specifications already support splitting of downstream traffic
upstream traffic: same IAB-donor-DU
Access IAB node with two parents
Consider the IAB network as shown in Figure 1. IAB node 3 is connected to two parents (IAB node 1 and IAB node 2), which are connected to the same IAB donor. To split the data stream between IAB node 1 and 2 at IAB node 3, the current BH information IE as defined in section 9.3.1.114 TS 38.473 [3] already supports the splitting data between the two BH links. See table below where a single BAP routing ID can have two Next-Hop BAP Address. A data volume split threshold and a data split ratio still need to be added to this IE. The data volume split threshold indicates at what data volume should initiate the split, while the data split ratio indicates at what proportion the data should split between the links.
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9.3.1.114  BH Information
This IE includes the backhaul information for UL or DL.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	BAP Routing ID
	O
	
	9.3.1.110
	This IE is not needed for the BAP control PDU.
For UL F1-U traffic, the BAP address included in this IE also indicates the IAB-donor-DU via which the DL traffic is transmitted.

	Egress BH RLC CH List
	
	0..1
	
	

	>Egress BH RLC CH List Item
	
	1..
<maxnoofEgressLinks>
	
	

	>>Next-Hop BAP Address
	M
	
	9.3.1.111
	This IE identifies the next-hop node on the backhaul path to receive the packet. The value of this IE should be unique in the whole list.

	>>Egress BH RLC CH ID
	M
	
	BH RLC Channel ID
9.3.1.113
	This IE identifies the BH RLC channel in the link between the gNB-DU and the node identified by the Next-Hop BAP Address IE.



	Range bound
	Explanation

	maxnoofEgressLinks
	Maximum no. of egress links. Value is 2.




Observation 3: When data split happens at the access IAB node, the current TS 38.473 [3] already supports it. But still need a data volume split threshold and a data split ratio in the BH information IE.
Proposal 2: Add a data volume split threshold and data split ratio to the BH information IE
[bookmark: _Ref47046639]Intermediate IAB node with two parents
Consider the IAB network as shown in Figure 2. 
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Here IAB node 3 serve as parent to an access IAB node (IAB node 4). To split the data, we have two options:
1. Split at IAB node 3: This requires IAB node 3 to break the BAP PDU receives from IAB4 into two according to a split ratio, and route them to two next-hop addresses. This requires an enhancement to the BAP layer BH RLC channel mapping Information List IE as defined in section 9.3.1.98 TS 38.473 [3] see table below, by adding another Next-Hop BAP address
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	BAP layer BH RLC channel mapping info Item
	
	1.. <maxnoofMappingEntries>
	
	

	>Mapping Information Index
	M
	
	9.3.1.100
	

	>Prior-Hop BAP Address
	O
	
	9.3.1.111
	

	>Ingress BH RLC CH ID
	O
	
	BH RLC Channel ID
9.3.1.113
	

	>Next-Hop BAP Address
	O
	
	9.3.1.111
	

	>Egress BH RLC CH ID 
	O
	
	BH RLC Channel ID
9.3.1.113
	



2. Split at IAB node 4: IAB node 4 split the data according to the split ratio and send the two BAP PDU with different BAP routing ID. This requires an enhancement to the BH information IE with an additional BAP routing ID.
	For both options, a data volume split threshold and data split ratio are needed
Observation 4: When an intermediate IAB node has two parents, there are two options to split the data:
1) Split the data at the intermediate IAB node
2) Split the data at the access IAB node
Proposal 3: When an intermediate IAB node has two parents, RAN3 to discuss the following two options to split the data:
1)	Split the data at the intermediate IAB node
2)	Split the data at the access IAB node
Upstream traffic: different IAB-donor-DUs
Access IAB node with two parents
Consider the IAB network as shown in Figure 3. IAB node 3 is connected to two parents (IAB node 1 and IAB node 2) which are connected to different IAB-donor-DU. To split the data stream between IAB node 1 and 2 at IAB node 3, the current BH information IE as defined in section 9.3.1.114 TS 38.473 [1] will not be sufficient, an additional BAP routing ID, one per IAB-donor-DU is needed. A data volume splitting threshold and a data split ratio still need to be added to this IE.
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[bookmark: _Hlk47085062]Observation 5: To split the data at IAB node 3 for the IAB network as shown in Figure 3, the current configuration of BH information is not sufficient.
Proposal 4: Add another BAP routing ID to the BH information IE to support data splitting at IAB node 3 for the IAB network as shown in Figure 3. Along with a data volume splitting threshold and a data split ratio.

[bookmark: _Ref47433519]Intermediate IAB node with two parents
The proposal in section 2.3.2 “Intermediate IAB node with two parents” under the same IAB-donor-DU applies to this section as well.
Conclusion

In the present contribution we make the following observations:
Observation 1: Section 6.11.3 TS 38.300 only allows IAB-node to select another BH link (if configured) when the current link has RLF.
Observation 2: Current specifications already support splitting of downstream traffic
Observation 3: When data split happens at the access IAB node, the current TS 38.473 [3] already supports it. But still need a data volume split threshold and a data split ratio in the BH information IE.
Observation 4: When an intermediate IAB node has two parents, there are two options to split the data:
Observation 5: To split the data at IAB node 3 for the IAB network as shown in Figure 3, the current configuration of BH information is not sufficient.
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: IAB node should always be allowed to select another BH link (if configured)
Proposal 2: Add a data volume split threshold and data split ratio to the BH information IE
Proposal 3: When an intermediate IAB node has two parents, RAN3 to discuss the following two options to split the data:
1)	Split the data at the intermediate IAB node
[bookmark: _GoBack]2)	Split the data at the access IAB node
Proposal 4: Add another BAP routing ID to the BH information IE to support data splitting at IAB node 3 for the IAB network as shown in Figure 3. Along with a data volume splitting threshold and a data split ratio.
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