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1	Introduction
RAN2#114e made the following agreements for topology adaptation enhancements:
Assume that the IAB-donor will configure (alternative) egress links that can be used at local re-routing (at least with same destination, FFS same routing ID).
Local re-routing based on flow control feedback is allowed based on certain value of available buffer size. FFS further details. (Current hbh fc is for DL traffic).
The trigger to generate a type 2 RLF indication is at RLF detection. FFS whether for both: single and dual connection cases.
The trigger for type 3 RLF indication transmission is successful recovery after BH RLF. FFS whether for both: single and dual connection cases.
Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU.
Upon reception of the type-2 indication, the IAB node does not initiate RRC re-establishment.
If an IAB node with dual parents (via DC) receives type-2 BH RLF indication from one parent, IAB-node may trigger a local re-routing to the other parent. The detail of local re-routing and whether/how the action on type-2 indication is configurable is FFS.

This paper discuss the above issues, and presents our point of views as well as possible solutions. 
[bookmark: _Ref178064866]2	Local Re-routing for Congestion Mitigation
IAB Rel-16 specs support local re-routing for RLF case using an alternative egress link in IAB node(s) routing tables (choose by the IAB-DU locally) for the BAP destination address carried the packet headers that are affected by RLF of their intended egress link. If this procedure is adopted for the re-routing due to local link congestion, then IAB-donor-CU does not need to configure specific alternative egress link. Rather the local IAB node can select a proper alternative/backup egress link among the links matched to the BAP destination address (in the routing table) carried in the packets that needed to be re-routed due to congestion.
[bookmark: _Toc79090885]If IAB Rel-16 mechanism for local re-routing (due to RLF) is adopted for link congestion scenario, then IAB-donor-CU does not need to configure specific alternative egress link to be used for local congestion mitigation.
Since local re-routing will be used to handle temporary congestion, RAN2 does not need to define a mechanism that requires additional specification work, i.e., use the existing re-routing mechanism (for RLF case) also for local link congestion case.
[bookmark: _Ref78733763][bookmark: _Toc79090889]RAN2 agree to adopt the IAB Rel-16 re-routing mechanism for local link congestion case,  i.e. the alternative link is selected among the entries in the routing table matching the BAP destination in the BAP header.
When it comes to activating local re-routing, the DL HbH flow control PDU can be used as feedback for this purpose. While the triggering for the DL HbH flow control transmission is left to the implementation, we believe that it is better if the CU can configure when this local routing can really take place depending on the available buffer size of the child node. That is to avoid undesired topology changes.
[bookmark: _Toc79090890]Local routing based on DL flow control feedback is configurable by the CU.
[bookmark: _Toc79090891]The CU can provide the IAB node with threshold on the available buffer size carried in the DL HbH flow control feedback. The IAB node may enable local re-routing if the available buffer size is below the configured threshold.
In the unfortunate case in which all the dowlink links are congested, it is argued in [1] that the IAB node may suspend DL transmissions. How to deal with DL scheduling is a network task. The IAB node may decide to suspend DL transmissions, but this solution might not be always good. For example, the IAB node may enable AQM policies, or it may just suspend non-latency critical traffic. Additionally, RAN3 has also introduced a DL channel congestion notification from DU to CU, so the situation of all DL links being congested should be extremely rare.
[bookmark: _Toc79090892]How to deal with the case in which all links in the DL are congested is left to the IAB node DL scheduler implementation.
Since the DL flow control can be either per BH RLC channel ID, or per BAP routing ID, it seems reasonable that local re-routing can be enabled per BH RLC channel ID and BAP routing ID. 
[bookmark: _Toc79090893]Local routing can imply re-routing of congested BH RLC channel ID(s) or of congested BAP routing IDs.
Related to the UL local routing based on local congestion, RAN2 can discuss it. However, it is not clear to us why to enable it, it is necessary to also introduce the UL HbH flow control. The child is obviously affected by UL scheduling decisions at the parent, however it can simply determine by its UL buffer status whether UL congestion is occurring. There is no need to receive an UL HbH flow control from the parent , because it can already evaluate locally the UL congestion status. That is inherently different from the DL scenario, because in that case obviously the parent cannot know the DL congestion status at the child. 
If RAN2 intention is to enable some sort of local routing at the child for the UL, that is certainly doable, but it is just enough to act on the buffer status at the child, e.g. the CU can configure rules on the UL buffer status at the child to enable local routing in the upstream.
[bookmark: _Toc78719912][bookmark: _Toc79090886]It is not clear what is the benefit of the UL HbH flow control, given that the UL congestion status can already be evaluated locally by the child node.
[bookmark: _Toc78719924][bookmark: _Toc79090894]If RAN2 intention is to enable local routing in the upstream, it would be enough to introduce rules on the UL buffer status at the child, e.g. the CU can configure the UL buffer status level at the child to enable local routing. The UL local routing does not require the UL HbH flow control.  
3	Local routing upon type 2/3 RLF Notification 
For Rel-17 IAB WI, RAN2 has agreed to support the following RLF notification messages that an IAB node can send to its children nodes:
Type 2 - “Trying to recover”: Indication that BH link RLF is detected by the IAB-node, and the IAB-node is attempting to recover from it. 
Type 3 - “BH link recovered”: Indication that the BH link successfully recovers from RLF.
Related to type-2 and -3 RLF the following agreements have been already reached by RAN2:
	From RAN2#113
RAN2 to support type-2/3 RLF indication (FFS specified behavior(s) TS impact, FFS details).
Type-2 RLF indication may be used to trigger local rerouting 
Type-2 RLF indication may be used to trigger deactivation of IAB-supported in SIB 
Type-2 RLF indication may be used to trigger deactivation or reduction of SR and/or BSR transmissions 
From RAN2#114
The trigger to generate a type 2 RLF indication is at RLF detection. FFS whether for both: single and dual connection cases.
The trigger for type 3 RLF indication transmission is successful recovery after BH RLF. FFS whether for both: single and dual connection cases.
Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU.
Upon reception of the type-2 indication, the IAB node does not initiate RRC re-establishment.
If an IAB node with dual parents (via DC) receives type-2 BH RLF indication from one parent, IAB-node may trigger a local re-routing to the other parent. The detail of local re-routing and whether/how the action on type-2 indication is configurable is FFS.




One thing discussed in [1] is whether local routing triggered by the type-2 RLF should be configurable or not, either at the parent node or at the child. Since the type-2 RLF may trigger different action at the child node (see the agreements above from RAN2#113), whether local routing is possible or not should be configured, since that may trigger topology change:
[bookmark: _Toc79090895]Whether type-2 RLF can trigger local routing at the child node is configured by the CU to the child IAB node.
When an IAB-node has multiple/dual parents, a link failure with one parent node may impact traffic forwarding only for a subset of its children’s IAB nodes. For instance, in Figure 1, IAB3 has two paths towards the IAB-donor node, one via IAB1 and the other via IAB2. Suppose IAB3 employs the path via IAB1 for forwarding traffic from/to child IAB nodes IAB5 and IAB6, while IAB3 uses the path via IAB2 for forwarding traffic from/to child IAB nodes IAB7 and IAB8. If an RLF occurs over the link between IAB3 and IAB2, then only IAB7 and IAB8 will be inflicted by this failure, not the other children nodes (e.g., IAB5 and IAB6). Sending RLF notification to child IAB nodes (e.g., IAB5 and IAB5 in this example) not impacted by the RLF will lead to unnecessary and undesirable actions on the part of those children IAB nodes. 
[bookmark: _Toc79090887]When an IAB-node has dual parents, a link failure with one parent may impact traffic forwarding only for a subset of children’s IAB nodes.
[bookmark: _Toc79090888]For dual connected IAB-node, sending Type-2 RLF notification to children nodes not impacted by a link failure (with one parent node) will lead to unnecessary and undesirable actions on the part of those children nodes.
Thus, for a dual connected IAB node, upon detecting an RLF with one of its parent nodes, the node should determine which of its children IAB nodes are impacted and notify (via Type-2) only these affected children’s IAB nodes. Similarly, only those children nodes should be re-notified (via Type-3) once the IAB-node successfully recovers from the RLF.
[bookmark: _Toc79090896]For a dual connected IAB-node, upon detecting an RLF with one of its parent nodes, only the affected children nodes are notified (via Type-2), which are later re-notified (via Type-3) after recovery from RLF.
Similarly, in the case of dual connected parent IAB node, we also noted that for specific scenarios only some parts of the traffic handled by the child can be affected. In fact, the child may need to handle both traffic having BAP routing IDs that traverse the failed link, and traffic traversing the other link that is still in use. To this end, it would be beneficial to indicate in the header of the type-2 indication the BAP routing IDs that are affected. Obviously in case of single-connected parent this indication is not needed.
[bookmark: _Toc79090897]The parent node may include in the type-2 RLF, the BAP routing IDs of the traffic affected by the experienced RLF at the parent.
Upon reception of such an indication, it will be up to child node implementation how to properly handle the affected traffic. As agreed in RAN2#113-e, the child IAB node may use the type-2 RLF reception to “trigger local routing”, to “trigger deactivation of IAB-supported in SIB”, to “trigger deactivation or reduction of SR and/or BSR transmissions”. In the email discussion [1], it was discussed suspending UL transmissions upon type-2 RLF reception, e.g. when there is no alternative link. Receiving type-2 RLF from both links does not necessarily imply that both links will be unable to recover. Suspending the transmissions blindly might just cause interruption, especially if the parents will be able to recover. Note also that it should be very unlikely that both parents get an RLF more or less at the same time, and both of them are unable to recover.
[bookmark: _Toc79090898]Upon reception of the type-2 RLF indication, it is up to the child IAB node implementation how to handle the affected traffic. As already agreed in RAN2#113-e, the child IAB node may e.g.:
a. [bookmark: _Toc79090899]Trigger local routing
b. [bookmark: _Toc79090900]Trigger deactivation of IAB-supported in SIB
c. [bookmark: _Toc79090901]Trigger deactivation or reduction of SR and/or BSR transmissions
For a situation where the children IAB nodes have dual parents (for instance, IAB8 in Figure 1), the reception of Type-2 from one of the parent nodes can cause a local re-routing of traffic impacted by RLF via the BH link with the other parent node (e.g., IAB4 in Figure 1). As proposed in Proposal 1, for the local routing based on congestion, this does not require any specification work as IAB Rel-16 already support this, and should be up to IAB-node implementation whether to re-route the impacted traffic via the alternative egress link. 
[bookmark: _Toc79090902]If the IAB node performs local routing upon reception of type-2 RLF, Rel-16 re-routing principles are used,  i.e. the alternative link is selected among the entries in the routing table matching the BAP destination in the BAP header.





Figure 1. Example of IAB network with multiple paths for IAB node 3
5	Conclusion
In the previous sections we made the following observations: 

Observation 1	If IAB Rel-16 mechanism for local re-routing (due to RLF) is adopted for link congestion scenario, then IAB-donor-CU does not need to configure specific alternative egress link to be used for local congestion mitigation.
Observation 2	It is not clear what is the benefit of the UL HbH flow control, given that the UL congestion status can already be evaluated locally by the child node.
Observation 3	When an IAB-node has dual parents, a link failure with one parent may impact traffic forwarding only for a subset of children’s IAB nodes.
Observation 4	For dual connected IAB-node, sending Type-2 RLF notification to children nodes not impacted by a link failure (with one parent node) will lead to unnecessary and undesirable actions on the part of those children nodes.

Based on the discussion in the previous sections we propose the following:

Proposal 1	RAN2 agree to adopt the IAB Rel-16 re-routing mechanism for local link congestion case,  i.e. the alternative link is selected among the entries in the routing table matching the BAP destination in the BAP header.
Proposal 2	Local routing based on DL flow control feedback is configurable by the CU.
Proposal 3	The CU can provide the IAB node with threshold on the available buffer size carried in the DL HbH flow control feedback. The IAB node may enable local re-routing if the available buffer size is below the configured threshold.
Proposal 4	How to deal with the case in which all links in the DL are congested is left to the IAB node DL scheduler implementation.
Proposal 5	Local routing can imply re-routing of congested BH RLC channel ID(s) or of congested BAP routing IDs.
Proposal 6	If RAN2 intention is to enable local routing in the upstream, it would be enough to introduce rules on the UL buffer status at the child, e.g. the CU can configure the UL buffer status level at the child to enable local routing. The UL local routing does not require the UL HbH flow control.
Proposal 7	Whether type-2 RLF can trigger local routing at the child node is configured by the CU to the child IAB node.
Proposal 8	For a dual connected IAB-node, upon detecting an RLF with one of its parent nodes, only the affected children nodes are notified (via Type-2), which are later re-notified (via Type-3) after recovery from RLF.
Proposal 9	The parent node may include in the type-2 RLF, the BAP routing IDs of the traffic affected by the experienced RLF at the parent.
Proposal 10	Upon reception of the type-2 RLF indication, it is up to the child IAB node implementation how to handle the affected traffic. As already agreed in RAN2#113-e, the child IAB node may e.g.:
a.	Trigger local routing
b.	Trigger deactivation of IAB-supported in SIB
c.	Trigger deactivation or reduction of SR and/or BSR transmissions
Proposal 11	If the IAB node performs local routing upon reception of type-2 RLF, Rel-16 re-routing principles are used,  i.e. the alternative link is selected among the entries in the routing table matching the BAP destination in the BAP header.
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1. [bookmark: _Ref78732131][bookmark: _Ref78794114]R2-21XXX, Summary of [Post114-e][075][eIAB] Open Issues on Re-routing.

	4/4	
image1.emf
IAB-Donor DU

IAB-Donor CU 

IAB-node

1

IAB-node

2

IAB-node

3

    Wireless 

backhaul link

UE

c

UE

a

IAB-node

4

Wireless 

access link

IAB-node

6

IAB-node

9

UE

g

IAB-node

7

    Wireless 

backhaul link

    Wireless 

backhaul link

    Wireless 

backhaul link

IAB-node

5

UE

b

Wireless 

access link

IAB-node

8

Wireless 

access link

UE

d

UE

e

UE

f

Wireless 

access link

    Wireless 

backhaul link


Microsoft_Visio_Drawing.vsdx
IAB-Donor DU
IAB-Donor CU
IAB-node
1
IAB-node
2
IAB-node
3
Wireless 
backhaul link
UEc
UEa
IAB-node
4
Wireless 
access link
IAB-node
6
IAB-node
9
UEg
IAB-node
7
Wireless 
backhaul link
Wireless 
backhaul link
Wireless 
backhaul link
IAB-node
5
UEb
Wireless 
access link
IAB-node
8
Wireless 
access link
UEd
UEe
UEf
Wireless 
access link
Wireless 
backhaul link




 


1


/


2


 


 


3GPP TSG


-


RAN 


WG


2


 


#


1


1


5


-


e


 


Tdoc 


R2


-


2108424


 


Online


, 


August


 


1


6


th


 


–


 


2


7


th


 


202


1


 


Agenda Item:


 


8.4.3


 


Source:


 


Ericsson


 


Title:


 


On 


L


ocal 


R


outing 


and


 


T


ype 2


/


3 RLF 


H


andling


 


Document for:


 


Discussion, Decision


 


1


 


Introduction


 


RAN2#11


4


e


 


made 


the following 


agreements for topology adaptation enhancements:


 


Þ


 


Assume that the IAB


-


donor will configure (alternative) egress links that can be used 


at local re


-


routing (at least with same destination, FFS same routing ID)


.


 


Þ


 


Local re


-


routing based on 


flow control feedback


 


is allowed based on certain value 


of available buffer size. FFS further details. (Current hbh fc is for DL traffic


).


 


Þ


 


The trigger to generate a type 2 RLF indication is at RLF detection. FFS whether for 


both: single and dual connection cases.


 


Þ


 


The 


trigger for type 3 RLF indication transmission is successful recovery after BH 


RLF. FFS whether for both: single and dual connection cases.


 


Þ


 


Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU.


 


Þ


 


Upon reception of the type


-


2 indication, t


he IAB node does not initiate RRC re


-


establishment.


 


Þ


 


If an IAB node with dual parents (via DC) receives type


-


2 BH RLF indication from 


one parent, IAB


-


node may trigger a local re


-


routing to the other parent. The detail of 


local re


-


routing and whether/how the


 


action on type


-


2 indication is configurable is 


FFS.


 


 


T


his paper


 


discuss 


the above issues


,


 


and 


presents our 


point of views as well as possible solutions


.


 


 


2


 


Local Re


-


routing for Congestion Mitigation


 


IAB Rel


-


16 specs support local re


-


routing for RLF 


case using an alternative egress link


 


in IAB node(s) routing 


tables (


ch


oose by the IAB


-


DU locally


)


 


for the BAP destination address carried the packet headers that are 


affected b


y RLF of their intended egress link. If this procedure is adopted for the re


-


ro


uting due to local link 


congestion, then IAB


-


donor


-


CU does not need to configure specific 


alternative 


egress link


.


 


Rather the 


local 


IAB


 


node can select


 


a proper


 


alternative/backup


 


egress link among the links matched to the BAP destination 


address (in the r


outing table) carried in the packets that needed to be re


-


routed due to congestion.


 


Observation 1


 


If IAB Rel


-


16 mechanism for


 


local re


-


routing (due to RLF) 


is adopted for


 


link 


congestion


 


scenario


, then IAB


-


donor


-


CU does not need to configure specific 


alternative egress 


link


 


to


 


be used 


for


 


local congestion mitigation


.


 


Since local re


-


routing will be used to handle temporary congestion, RAN2 


does not need to 


define a 


mechanism that require


s


 


additional 


specification work, i.e., use the 


existing 


re


-


routing 


mechanism


 


(


for 


RLF 


case)


 


also for


 


local


 


link


 


congestion case


.


 


Proposal 1


 


RAN2 agree to adopt the IAB Rel


-


16 re


-


routing mechanism


 


for local link congestion case


,  


i.e. the alternative link is selected among the entries in the routing table 


mat


c


hing the 


BAP destination in the BAP hea


der


.


 




  1 / 2     3GPP TSG - RAN  WG 2   # 1 1 5 - e   Tdoc  R2 - 2108424   Online ,  August   1 6 th   –   2 7 th   202 1   Agenda Item:   8.4.3   Source:   Ericsson   Title:   On  L ocal  R outing  and   T ype 2 / 3 RLF  H andling   Document for:   Discussion, Decision   1   Introduction   RAN2#11 4 e   made  the following  agreements for topology adaptation enhancements:      Assume that the IAB - donor will configure (alternative) egress links that can be used  at local re - routing (at least with same destination, FFS same routing ID) .      Local re - routing based on  flow control feedback   is allowed based on certain value  of available buffer size. FFS further details. (Current hbh fc is for DL traffic ).      The trigger to generate a type 2 RLF indication is at RLF detection. FFS whether for  both: single and dual connection cases.      The  trigger for type 3 RLF indication transmission is successful recovery after BH  RLF. FFS whether for both: single and dual connection cases.      Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU.      Upon reception of the type - 2 indication, t he IAB node does not initiate RRC re - establishment.      If an IAB node with dual parents (via DC) receives type - 2 BH RLF indication from  one parent, IAB - node may trigger a local re - routing to the other parent. The detail of  local re - routing and whether/how the   action on type - 2 indication is configurable is  FFS.     T his paper   discuss  the above issues ,   and  presents our  point of views as well as possible solutions .     2   Local Re - routing for Congestion Mitigation   IAB Rel - 16 specs support local re - routing for RLF  case using an alternative egress link   in IAB node(s) routing  tables ( ch oose by the IAB - DU locally )   for the BAP destination address carried the packet headers that are  affected b y RLF of their intended egress link. If this procedure is adopted for the re - ro uting due to local link  congestion, then IAB - donor - CU does not need to configure specific  alternative  egress link .   Rather the  local  IAB   node can select   a proper   alternative/backup   egress link among the links matched to the BAP destination  address (in the r outing table) carried in the packets that needed to be re - routed due to congestion.   Observation 1   If IAB Rel - 16 mechanism for   local re - routing (due to RLF)  is adopted for   link  congestion   scenario , then IAB - donor - CU does not need to configure specific  alternative egress  link   to   be used  for   local congestion mitigation .   Since local re - routing will be used to handle temporary congestion, RAN2  does not need to  define a  mechanism that require s   additional  specification work, i.e., use the  existing  re - routing  mechanism   ( for  RLF  case)   also for   local   link   congestion case .   Proposal 1   RAN2 agree to adopt the IAB Rel - 16 re - routing mechanism   for local link congestion case ,   i.e. the alternative link is selected among the entries in the routing table  mat c hing the  BAP destination in the BAP hea der .  

