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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last RAN3 meeting, issues related to congestion migration were discussed, and the following agreements were achieved:
	the value of the maxnoofIABCongInd is set to 1024
Not to specify the MPS exemption for IAB congestion indication.
With the proposals, the WAs made by last meeting are still valid:
WA: per-BAP routing ID congestion indication will not be pursued in this release.
WA: the presence of Child Node Identifier IE is Mandatory.


In addition, our previous discussions are mainly focused on the case where an IAB node is single-connected. However, for intra/inter-donor topology redundancy, the boundary node is dual-connected, and the congestion at the boundary node are caused by the traffic from both MCG and SCG. We didn’t touch this field before. Thus, in this contribution, we will address the congestion mitigation under intra/inter-donor topology redundancy.   
2. Discussion
2.1. Congestion at the boundary node 
For intra/inter-donor topology redundancy, the boundary node is served by two parent nodes so that the congestion is resulted from the traffic from both MCG and SCG. The following figures show two examples for intra-donor and inter-donor case, respectively.  


In both cases, the congestion at the boundary node happens at the BH RLC CH1 towards IAB node 3. Thus, based on the agreed CP-based congestion mitigation scheme, the boundary node will send F1AP message to IAB donor CU1 to indicate the congested BH RLC CH, i.e., child node ID=3 and BH RLC CH ID =1. For inter-donor case, the IAB donor CU2 (non-F1 termination donor) cannot be aware of the congestion at the boundary node. Thus, the IAB donor CU1 (F1-termination donor) should apply the congestion mitigation scheme to resolve this problem. However, since the traffic over such congested BH RLC CH is from both MCG leg and SCG leg, the IAB donor CU1 cannot know the traffic from which leg contribute the most traffic causing the congestion at the boundary node, while the boundary node has very clear view on the congestion cause. In order to identify the main traffic causing the congestion, the boundary node can provide the BAP routing ID information to the F1-termination donor. To achieve this, the boundary node can indicate the congestion per BAP routing ID. 
Proposal 1: For intra/inter-donor topology redundancy, the boundary node can indicate the congestion per BAP routing ID to help F1-termination donor resolve the congestion. 
In addition, in last meeting, some debates occur on the benefit of per BAP routing ID congestion indication. We would like to list some additional benefits on top of per BH RLC CH congestion indication. 
- Per BH RLC CH indication may cause significant signalling overhead in some cases
In some cases, the traffic over multiple BH RLC CHs may share the same BAP routing ID. In this case, if the congestion indication is sent by including multiple BH RLC CHs, the signalling overhead is much larger than per-BAP routing ID reporting
- Complex the IAB node implementation
In our understanding, to identify the congestion, the IAB node can determine this based on the buffer size. In order to determine the per-BH RLC CH congestion, the IAB node should evaluate the buffer size at the granularity of the BH RLC CH. On the other hand, to support the HbH flow control, the IAB node may perform the buffer size evaluation on the granularity of either the BH RLC CH or the BAP routing ID, which depends on IAB donor CU’s configurations. If the IAB donor CU configures the IAB node perform per-BAP routing ID HbH flow control, the IAB node will implement the buffer size evaluation based on BAP routing ID for HbH flow control. However, due to the CP-based flow control only supports the per BH RLC CH reporting, the IAB node should also implement the buffer size evaluation based on BH RLC CH. In this sense, to support both HbH and CP-based flow control, the IAB node has to implement the congestion detection at granularity of both BAP routing ID and BH RLC CH even if the IAB donor CU configures per BAP routing ID reporting for HbH flow control. 
With the above analysis, it is beneficial to introduce the per BAP routing ID congestion indication.
2.2. Congestion at the parent node of boundary node for inter-donor topology redundancy
For inter-donor topology redundancy, the congestion may occur at the parent node of the boundary node. The following figure shows an example. The IAB node 2 will send F1AP signalling to IAB donor CU2 to indicate the congestion at the BH RLC CH1 towards boundary node (IAB node 0).  The current CP-based congestion mitigation results in:
· Non-F1 termination donor knows the congestion since F1AP signalling is sent to it. 
· F1 termination donor cause the congestion since the traffic is started from it. 


To resolve the congestion at the parent node, one possible way is to reconfigure the SCG by IAB donor CU2, e.g., add more cell, or change the cell. If IAB donor CU2 has no good way to resolve it, IAB donor CU1 should take some actions. However, IAB donor CU1 is unaware of such congestion. To resolve it, the IAB donor CU2 can indicate the congestion situation to the IAB donor CU1, which can indicate the congestion at the granularity of child node, BH RLC CH, and BAP routing ID. 
Proposal 2: In case of congestion at the parent node of boundary node, the non-F1 termination donor can indicate the congestion to the F1-termination donor at the granularity of child node, BH RLC CH, and BAP routing ID. 
2.3. Configurations for HbH congestion mitigation
- Issue 1: coordination for the congestion threshold configuration
According to the RAN2 running CR for TS38.340, the determination of BH link congestion depends on the configured congestedThreshold, i.e., 
	5.3.1.y	Receiving operation
For a link, the BAP entity at the IAB-DU or IAB-donor-DU may:
-	if the available buffer size as indicated by the received BAP Control PDU for flow control feedback per BAP routing ID is less than the [congestedThreshold-r17], if configured:
-	consider the BH link as congested for this BAP routing ID (for rerouting purpose defined in accordance with clause 5.2.1.3).
Editor's Note:	 FFS if the per BH RLC channel level link congestion should also be determined for local rerouting.



For inter-donor topology redundancy, the congestion situation at the boundary node should be reported to two parent nodes via the BAP control PDU, as shown in the following figure. In particular, the traffic from IAB node 1 and IAB node 2 are aggregated to the same BAP routing path (BAP routing ID =1) towards the child node. In this case, the boundary node can send the BAP control PDU to both IAB node 1 and IAB node 2 by indicating the available buffer size per BAP routing path, i.e., report available buffer size of BAP routing ID=1 to IAB node 1, and report available buffer size of BAP routing ID=2 to IAB node 2. At the boundary node side, the buffer for the BAP routing ID 1 toward child node is used to buffer the traffic from both IAB node1 and IAB node2. Thus, once this buffer is overloaded, the congestion situation should be indicated to both IAB node 1 and IAB node 2, and both nodes should have the same criteria (e.g., congestion threshold) to identify the congestion at the boundary node. It can be understood that the threshold to IAB node 1 and IAB node 2 are configured by F1-termination donor and non-F1 termination donor, respectively. Thus, it is difficult to configure the same congestion threshold for the routing path aggregating traffic from both MCG and SCG.  Since F1-termination donor knows which routing path aggregating the traffic from both MCG and SCG and it controls the boundary node, it can indicate the congestion threshold to non-F1 termination donor so that IAB node 1 and IAB node 2 can be configured the same congestion threshold. 



Proposal 3: for the routing path aggregating the traffic from both MCG and SCG at the boundary node, the F1-termination donor can notify the congestion threshold for such path to non-F1 termination donor in order to configure the same threshold to the two parent nodes of boundary node.  
· Issue 2: coordination for the granularity of available buffer size reporting 
In Rel-16, the reporting granularity of available buffer size is configured by the RRC signalling, as illustrated below. 
	BAP-Config-r16 ::=                      SEQUENCE {
    bap-Address-r16                         BIT STRING (SIZE (10))                                    OPTIONAL, -- Need M
    defaultUL-BAP-RoutingID-r16             BAP-RoutingID-r16                                         OPTIONAL, -- Need M
    defaultUL-BH-RLC-Channel-r16            BH-RLC-ChannelID-r16                                      OPTIONAL, -- Need M
    flowControlFeedbackType-r16             ENUMERATED {perBH-RLC-Channel, perRoutingID, both}        OPTIONAL, -- Need R
    ...
}
flowControlFeedbackType
This field is only used for IAB-node that support hop-by-hop flow control to configure the type of flow control feedback. Value perBH-RLC-Channel indicates that the IAB-node shall provide flow control feedback per BH RLC channel, value perRoutingID indicates that the IAB-node shall provide flow control feedback per routing ID, and value both indicates that the IAB-node shall provide flow control feedback both per BH RLC channel and per routing ID.


In case of inter-donor topology redundancy, both F1-termination donor and non-F1-termination donor can configure the flowControlFeedbackType IE to the boundary node so that the boundary node can provide the available buffer size information according to such configuration. In general, the per BH RLC CH reporting results in the buffer maintenance at the IAB node different from the per routing ID reporting. Thus, to reduce the implementation complexity, it is better to use the same reporting granularity for both MCG and SCG. To achieve this, the F1-termination donor can notify the non-F1 termination donor about the reporting granularity configuration. 
Proposal 4: the F1-termination donor can notify the non-F1 termination donor about the flow control feedback type. 
2.4. E1 enhancement
When IAB donor CU-CP received the congestion indication from the IAB node, it has to perform some congestion mitigation schemes to resolve this problem. However, the traffic transmission is from the IAB donor CU-UP to the IAB node, while the IAB donor CU-UP has no idea on the CP-based congestion situation at the IAB node. In order to allow the IAB donor CU-UP to mitigate the congestion, the IAB donor CU-CP can indicate the congestion at GTP-U tunnel level to the IAB donor CU-UP. 
Proposal 5: the IAB donor CU-CP can indicate the congestion at GTP-U tunnel level to the IAB donor CU-UP after receiving the CP-based congestion indication from the IAB node. 
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
This paper discussed the congestion mitigation for topology redundancy, and we get the following proposals:
Proposal 1: For intra/inter-donor topology redundancy, the boundary node can indicate the congestion per BAP routing ID to help F1-termination donor resolve the congestion. 
Proposal 2: In case of congestion at the parent node of boundary node, the non-F1 termination donor can indicate the congestion to the F1-termination donor at the granularity of child node, BH RLC CH, and BAP routing ID. 
Proposal 3: for the routing path aggregating the traffic from both MCG and SCG at the boundary node, the F1-termination donor can notify the congestion threshold for such path to non-F1 termination donor in order to configure the same threshold to the two parent nodes of boundary node.  
Proposal 4: the F1-termination donor can notify the non-F1 termination donor about the flow control feedback type. 
Proposal 5: the IAB donor CU-CP can indicate the congestion at GTP-U tunnel level to the IAB donor CU-UP after receiving the CP-based congestion indication from the IAB node. 
4. Reference
[1] [bookmark: _Ref78220044][bookmark: _Ref70519541][bookmark: _Ref58834146][bookmark: _Ref46252646][bookmark: _Ref45529722][bookmark: _Ref53562151]Chairman notes of 3GPP TSG-RAN WG3 meeting #113-e. 
[bookmark: tsgNames]Appendix I: TP for BL CR for NR_IAB_enh of TS 38.473 
-------------------------------------------Start of Change-------------------------------------------
[bookmark: _Toc64448509][bookmark: _Toc66289168][bookmark: _Toc74154281]8.2.7	gNB-DU Status Indication
[bookmark: _Toc64448510][bookmark: _Toc66289169][bookmark: _Toc74154282]8.2.7.1	General
The purpose of the gNB-DU Status Indication procedure is informing the gNB-CU that the gNB-DU is overloaded so that overload reduction actions can be applied. This procedure is also used to inform the IAB-donor-CU about a downlink congestion at an IAB-DU or an IAB-donor-DU.  The procedure uses non-UE associated signalling.
[bookmark: _Toc20955761][bookmark: _Toc29892855][bookmark: _Toc36556792][bookmark: _Toc45832168][bookmark: _Toc51763348][bookmark: _Toc64448511][bookmark: _Toc66289170][bookmark: _Toc74154283][bookmark: _Toc81383027]8.2.7.2	Successful Operation


Figure 8.2.7.2-1: gNB-DU Status Indication procedure
If the gNB-DU Overload Information IE in the GNB-DU STATUS INDICATION message indicates that the gNB-DU is overloaded, the gNB-CU shall apply overload reduction actions until informed, with a new GNB-DU STATUS INDICATION message, that the overload situation has ceased.
The detailed overload reduction policy is up to gNB-CU implementation.
If the IAB Congestion Indication IE is present in the GNB-DU STATUS INDICATION message and only includes the Child Node Identifier IE, the gNB-CU shall, if supported, consider that the backhaul link to the child node is congested. If the IAB Congestion Indication IE is present in the GNB-DU STATUS INDICATION message and includes both the Child Node Identifier IE and the BH RLC CH ID IE, the gNB-CU shall, if supported, consider that congestion occurs on the corresponding BH RLC channel(s) over the link towards the node identified by the Child Node Identifier IE. If the IAB Congestion Indication IE is present in the GNB-DU STATUS INDICATION message and includes the BAP Routing ID IE, the gNB-CU shall, if supported, consider that the routing path identified by the BAP Routing ID IE is congested.

[bookmark: _Toc64448512][bookmark: _Toc66289171][bookmark: _Toc74154284]8.2.7.3	Abnormal Conditions
Void.

-------------------------------------------Change 2-------------------------------------------


[bookmark: _Toc20955867][bookmark: _Toc29892979][bookmark: _Toc36556916][bookmark: _Toc45832343][bookmark: _Toc51763596][bookmark: _Toc52131934]9.2.1.15	GNB-DU STATUS INDICATION
This message is sent by the gNB-DU to indicate to the gNB-CU its status of overload.
Direction: gNB-DU  gNB-CU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	gNB-DU Overload Information
	M
	
	ENUMERATED (overloaded, not-overloaded)
	
	YES
	reject

	IAB Congestion Indication 
	O
	
	9.3.1.x
	
	YES
	ignore



-------------------------------------------Change 3-------------------------------------------

[bookmark: _Toc45832510][bookmark: _Toc51763790][bookmark: _Toc52132129]9.3.1.x	IAB Congestion Indication
This IE contains the IAB downlink congestion indication. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	IAB Congestion Indication List
	
	1
	
	

	>IAB Congestion Indication List Item
	
	1..
<maxnoofIABCongInd>
	
	

	>>Child Node Identifier
	O
	
	9.3.1.111
	This IE identifies the child node, the link to which is congested.

	>>BH RLC CH List
	
	0..1
	
	

	>>>BH RLC CH List Item
	
	1..
<maxnoofBHRLCChannels>
	
	

	>>>>BH RLC CH 
ID
	M
	
	9.3.1.113
	This IE identifies the congested BH RLC channel over the link towards the node identified by the Child Node Identifier IE.

	   >>BAP Routing ID List
	
	0..1
	
	

	       >>>BAP Routing ID List Item
	
	1..
< maxnoofRoutingEntries >
	
	

	              >>>>BAP Routing ID
	M
	
	9.3.1.110
	This IE identifies the routing path which is congested. 




	Range bound
	Explanation

	maxnoofIABCongInd
	Maximum no. of congestion indications, the maximum value is 1024.

	maxnoofBHRLCChannels
	Maximum no. of BH RLC channels allowed towards one IAB-node, the maximum value is 65536.

	maxnoofRoutingEntries
	Maximum no. of routing entries, the maximum value is 1024.




-------------------------------------------End of changes-------------------------------------------

Appendix II: TP for BL CR for NR_IAB_enh of TS 38.423 
-------------------------------------------Start of Change-------------------------------------------

8.x.2	IAB Congestion Indication 
8.x.1.1	General
The purpose of the IAB Congestion Indication procedure is to indicate the congestion status in the IAB network controlled by the sending node.
The procedure uses non-UE-associated signalling.
8.x.1.2	Successful Operation


Figure 8.x.1.2-1: IAB Congestion Indication procedure, successful operation.
The NG-RAN Node1 initiates the procedure by sending the IAB CONGESTION INDICATION message to the NG-RAN Node2.
If the Boundary Node Identifier IE is included in the IAB Congestion Information IE of the IAB CONGESTION INDICATION message, the NG-RAN Node2 shall, if supported, consider that the backhaul link to the boundary node identified by the Boundary Node Identifier IE is congested. If the IAB Congestion Information IE of the IAB CONGESTION INDICATION message contains the Boundary Node Identifier IE and the BH RLC CH ID IE, the NG-RAN Node2 shall, if supported, consider that congestion occurs on the corresponding BH RLC channel(s) over the link towards the boundary node identified by the Boundary Node Identifier IE. If the IAB Congestion Information IE of the IAB CONGESTION INDICATION message contains the BAP Routing ID IE, the NG-RAN Node2 shall, if supported, consider that congestion occurs on the corresponding routing path identified by the BAP Routing ID IE.
8.x.1.3	Unsuccessful Operation
Not applicable.
8.x.1.4	Abnormal Conditions
Not Applicable.
9.1.x.2	IAB CONGESTION INDICATION
This message is sent to indicate the congestion status of the sending node.
Direction: NG-RAN node1  NG-RAN node2

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	IAB Congestion Information 
	M
	
	9.2.3.x1
	
	YES
	ignore



9.2.3.x1	 IAB Congestion Information
This IE contains the IAB downlink congestion indication. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	IAB Congestion Indication List
	
	1
	
	

	>IAB Congestion Indication List Item
	
	1..
<maxnoofIABCongInd>
	
	

	>>Boundary Node Identifier
	O
	
	9.2.3.x2
	This IE identifies the boundary node, the link to which is congested.

	>>BH RLC CH List
	
	0..1
	
	

	>>>BH RLC CH List Item
	
	1..
<maxnoofBHRLCChannels>
	
	

	>>>>BH RLC CH 
ID
	M
	
	9.2.3.x3
	This IE identifies the congested BH RLC channel over the link towards the node identified by the Child Node Identifier IE.

	   >>BAP Routing ID List
	
	0..1
	
	

	       >>>BAP Routing ID List Item
	
	1..
< maxnoofRoutingEntries >
	
	

	              >>>>BAP Routing ID
	M
	
	9.2.3.x4
	This IE identifies the routing path which is congested. 




	Range bound
	Explanation

	maxnoofIABCongInd
	Maximum no. of congestion indications, the maximum value is 1024.

	maxnoofBHRLCChannels
	Maximum no. of BH RLC channels allowed towards one IAB-node, the maximum value is 65536.

	maxnoofRoutingEntries
	Maximum no. of routing entries, the maximum value is 1024.




[bookmark: _Toc45832519][bookmark: _Toc51763799][bookmark: _Toc64448969][bookmark: _Toc66289628][bookmark: _Toc74154741]9.2.3.x2 	BAP Address
This IE indicates the BAP address of an IAB-node or of an IAB-donor-DU, and it is part of the BAP Routing ID.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	BAP Address
	M
	
	BIT STRING (SIZE(10))
	Corresponds to the bap-Address-r16, defined in subclause 6.2.2 or subclause 6.3.2 of TS 38.331 [10], or the iab-donor-DU-BAP-address-r16 defined in subclause 6.2.2 of TS 38.331[10].



[bookmark: _Toc45832521][bookmark: _Toc51763801][bookmark: _Toc64448971][bookmark: _Toc66289630][bookmark: _Toc74154743]9.2.3.x3 	BH RLC Channel ID
This IE uniquely identifies a BH RLC channel in the link between IAB-MT of the IAB-node and IAB-DU of the parent IAB-node or IAB-donor-DU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	BH RLC CH ID
	M
	
	BIT STRING (SIZE(16))
	



[bookmark: _Toc45832518][bookmark: _Toc51763798][bookmark: _Toc64448968][bookmark: _Toc66289627][bookmark: _Toc74154740]9.2.3.x4 	BAP Routing ID
This IE indicates the BAP Routing ID.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	BAP Address
	M
	
	9.2.2.x2
	

	Path ID
	M
	
	BAP Path ID
9.2.2.x5
	



[bookmark: _Toc45832520][bookmark: _Toc51763800][bookmark: _Toc64448970][bookmark: _Toc66289629][bookmark: _Toc74154742]9.2.2.x5	 BAP Path ID
This IE indicates the BAP path ID, which is part of the BAP Routing ID.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	BAP Path ID
	M
	
	BIT STRING (SIZE(10))
	Corresponds to the Bap-Pathid-r16 defined in subclause 6.3.2 of TS 38.331 [10].
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