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1. Introduction
The revised work item on Enhancements to Integrated Access and Backhaul for NR (eIAB) was approved in RAN#88e [1]. The some pieces of objectives are listed as follows; 
	Topology adaptation enhancements [RAN3-led, RAN2]:

· Specification of procedures for inter-donor IAB-node migration to enhance robustness and load-balancing, including enhancements to reduce signalling load.   

· Specification of enhancements to reduce service interruption due to IAB-node migration and BH RLF recovery.

· Specification of enhancements to topological redundancy, including support of CP/UP separation.

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, the various topics of topology adaptation enhancements for Rel-17 eIAB are discussed on top of the current agreements [2]

 REF _Ref70493545 \w \h 
[3]; specifically, BH RLF Indication enhancements, Conditional Handover enhancements and Local rerouting enhancements. 
2. Discussion 
2.1. BH RLF Indication enhancements 
In Rel-16 email discussion [4], the four types of BH RLF Notification were discussed as follows; 
	· Type 1 – “Plain” notification: Indication that BH link RLF is detected by the child IAB-node.

· Type 2 – “Trying to recover”: Indication that BH link RLF is detected, and the child IAB-node is attempting to recover from it. 

· Type 3 – “BH link recovered”: Indication that the BH link successfully recovers from RLF.

· Type 4 – “Recovery failure”: Indication that the BH link RLF recovery failure occurs. 

· Type 4x – “Indicating child nodes to perform RLF procedure”: it is implementation when the parent sending this indication, and the child node should perform RLF related procedure when receiving this indication. 


Figure 1
 Types of BH RLF Notification [4]
At the end, only Type 4 “Recovery failure” was specified as BH RLF Indication in Rel-16 [5]
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[6], whereby the indication allows the child IAB-MT to be aware of RLF on the parent’s BH link and to initiate the RLF recovery procedure. 
Observation 1 Only Type 4 “Recovery failure” was specified as BH RLF Indication in Rel-16. 
For Rel-17 enhancements, RAN2 agreed to introduce Type 2 “Trying to recover” and Type 3 “BH link recovered” while the detailed IAB-node behaviours are still FFS [2][3]: 

At RAN2#113-e: 

	· 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 


At RAN2#113bis-e: 

	· FFS if other CHO execution condition is needed (e.g. whether type 2 RLF indication can be used as trigger)


One FFS to be discussed is whether/how to specify the behaviour(s) related to the three possible use cases of the new BH RLF Indications that RAN2 has already agreed. 
Regarding the trigger for local rerouting, the trigger should allow for upstream local rerouting, i.e., switching of the UL path, since the BH RLF happens in UL from the perspective of IAB-node that receives Type 2 BH RLF Indication. In other words, the downstream local rerouting is independent from Type 2 BH RLF Indication since the IAB-node receiving Type 2 BH RLF Indication can still have good BH link with its downstream nodes. So, it could be considered as IAB-MT behaviour that should be clearly specified. 

Proposal 1 RAN2 should agree to specify that the IAB-MT triggers the local rerouting on upstream path when it receives Type 2 BH RLF Indication from its parent. 
Proposal 2 RAN2 should agree to specify that the IAB-MT stops the local rerouting on upstream path, i.e., reverts to “normal” routing configured, when it receives Type 3 BH RLF Indication from its parent. 
Regarding the deactivation of IAB-supported IE in SIB1, it could be considered to be an IAB-DU behaviour that was widely considered as up to implementation in Rel-16. So, it’s probably enough to be specified only in Stage-2, if any. In particular, it could be assumed that the IAB-DU would not remove IAB-Support IE from SIB1 when it still has an alternative route to the donor, which should be clarified if the behaviour is specified. 
Proposal 3 RAN2 should discuss whether to specify only in Stage-2 the IAB-DU removes IAB-Support IE from SIB1 when it receives Type 2 BH RLF Indication and it has no alternative route to the IAB-donor. 

Regardless of whether Proposal 3 is agreeable, the IAB-MT should not initiate the connection establishment towards the parent when IAB-Support IE is absence in SIB1, according to RAN2’s agreement above. One question is whether the UE is still allowed to access to the cell, i.e., the parent, even if the parent is under BH RLF, since RRC Setup Request cannot reach to the CU, i.e., the donor, at the end, that causes bad user experience. To avoid this, the cell could have the option to bar the UE’s accesses, stop SSB transmission or broadcasts Type 2 BH RLF Indication via SIB1. As in Proposal 3, IAB-Support IE does not need to be removed from SIB1 if the IAB-node has an alternative route to the donor. 
Proposal 4 RAN2 should discuss whether the IAB-DU bars UE accesses, in addition to IAB-MT accesses, when it receives Type 2 BH RLF Indication and it has no alternative route to the IAB-donor. 
Regarding the deactivation or reduction of SR and/or BSR transmissions, it could be considered to be an IAB-MT behaviour, so it should be clearly specified.  Regarding deactivation or reduction, the “deactivation” may be simpler from the specification point of view. However, it means SR and/or BSR can be transmitted only after Type 3 reception, which may cause scheduling delay. On the other hand, the “reduction” may allow for the resumption of scheduling immediately after BH link is recovered, although it may cause unnecessary interference. So, RAN2 should discuss whether to support the SR and/or BSR “deactivation”, “reduction” or both. In case both are supported, it should be configurable by the IAB-donor.  In addition, if the “reduction” is supported, it’s unclear how the reduction of SR and/or BSR should be handled. One possibility may be to reuse the concept of prohibit timer, but it should be left as FFS at this point. 
Proposal 5 RAN2 should agree to specify that the IAB-MT deactivates or reduces SR and/or BSR transmissions when it receives Type 2 BH RLF Indication from its parent. 
Proposal 6 RAN2 should agree to specify that the IAB-MT is allowed to resume the normal procedure for SR and/or BSR transmissions when it receives Type 3 BH RLF Indication from its parent. 

Proposal 7 RAN2 should discuss whether to support SR and/or BSR “deactivation”, “reduction” or both (i.e., configurable), when Type 2 BH RLF Indication is received from the parent. 
Another FFS is whether CHO is triggered by the reception of Type 2 BH RLF Indication. Under the condition where Type 2 BH RLF Indication is sent, the parent is experiencing BH RLF and is trying to recover the BH link, which means the IAB-node cannot communicate with the donor. If the IAB-node is configured with Dual Connectivity, it would have the choice to perform local rerouting between MCG and SCG as in Proposal 1. 
However, the IAB-node, which only has a single connection, does not have such a choice and will have to wait for either the parent’s BH recovery or the reception of Type 4 BH RLF Indication. Consequently, this causes service interruption for potentially a long period with bad user experience.  So, the IAB-node should have the option to trigger CHO when it receives Type 2 BH RLF Indication.  In addition, it’s worth discussing whether the IAB-node should cancel CHO execution if it receives Type 3 BH RLF Indication before it actually executes CHO, as a further optimization. 
Proposal 8 RAN2 should agree to specify that the IAB-MT triggers CHO when it receives Type 2 BH RLF Indication from its parent. 

Proposal 9 RAN2 should discuss whether the IAB-MT cancels CHO execution (if possible), when it receives Type 3 BH RLF Indication from its parent. 

If both Proposal 1 and Proposal 8 are agreeable, i.e., for the IAB-node configured with Dual Connectivity, local rerouting and CHO simultaneously, it has the choice whether it triggers local rerouting or CHO, when it receives Type 2 BH Indication. For example, local rerouting due to Type 2 reception would be beneficial to avoid service interruption, while CHO due to Type 2 reception would be better for long-term/topology-wide performance.  Note that the local rerouting and CHO are triggered by conditions other than Type 2 reception, so these are assumed to be configured mainly for different purposes, e.g., handover robustness with Event A3. 
In this case, there would be a couple of options; either it’s up to IAB-node implementation or IAB-donor configuration. Considering the donor is the node to manage the topology-wide objective, it should have the controllability for performance of its topology, so the choice of local rerouting or CHO due to Type 2 reception should be configurable by the donor, rather than being left to IAB-node implementation. 
Proposal 10 If Proposal 1 and Proposal 8 are both agreeable, RAN2 should further agree that the IAB-donor may configure either the IAB-node triggers the local rerouting or CHO, due to the reception of Type 2 BH RLF Indication. 
It should be discussed how to implement the new BH RLF Indications in the specification. It’s considered straight forward that Type 2 and Type 3 BH RLF Indications are sent via BAP Control PDU, same as for Type 4 BH RLF Indication in Rel-16 [6]. Similar to Proposal 3 above, since the UE cannot receive BAP Control PDU,  it does not have BAP layer. So, it’s one possibility that these BH RLF Indications are broadcasted via SIB1, whereby SIB1 is encoded by the DU [7]. Therefore, RAN2 should discuss whether these are transmitted via BAP Control PDU or SIB1. 
Proposal 11 RAN2 should discuss whether Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU or SIB1. 
2.2. Conditional Handover enhancements 
Conditional Handover (CHO) was introduced in Rel-16 to improve the mobility robustness [8], and in our understanding CHO can be used for Rel-16 IAB as specified. RAN2#113-e and RAN2#113-e reached the following agreements [2], so it’s worth considering the CHO enhancements for eIAB on top of Rel-16 CHO. 
At RAN2#113-e: 

	· RAN2 to discuss CHO and start with intra-donor CHO until RAN3 has made progress on inter-donor IAB-node migration.

· R2 confirm the intention Rel-16 CHO is / can be used for IAB-MT (FFS whether any modification is needed). 
· R2 assumes that Rel-16 specification is the baseline for the configuration of default route, IP address(es) and target path for intra-donor CHO.


At RAN2#113bis-e: 
	· The use cases for IAB-MT CHO should be migration and RLF recovery.
· RAN2 should have a common solution for intra-CU/intra-DU CHO and intra-CU/inter-DU CHO. 

· condEventA3 and condEventA5 are applicable to IAB-MT
· FFS if other CHO execution condition is needed (e.g. whether type 2 RLF indication can be used as trigger)


If Proposal 8 in the previous section is agreeable, there is the possibility that all CHO candidates (i.e., candidate cells) can trigger CHO simultaneously, since it does not rely on CHO Events A3/A5 but is a kind of “force” triggering due to Type 2 BH RLF Indication. 
According to the current specification [8], “If multiple NR cells are triggered in conditional reconfiguration execution, it is up to UE implementation which one to select, e.g. the UE considers beams and beam quality to select one of the triggered cells for execution.”, which is mainly intended for UEs. 
Observation 2 With Rel-16 CHO, it’s up to UE implementation which cell to be selected if multiple candidate cells trigger CHO execution. 
With regard to IAB-MTs, it may not always the best approach for the IAB-MT to select one of triggered cells by its implementation according to local radio quality etc., since the topology-wide objective may be handled effectively by the IAB-donor as discussed in RAN2#112-e [9]. So, RAN2 should discuss how the IAB-donor-controlled CHO execution with the additional triggering condition should work as in Proposal 8. For example, the IAB-donor may configure a priority information associated with CHO candidates in CHO configuration. The IAB-MT should select the cell with highest priority from all triggered CHO candidates that fulfil a certain radio quality, e.g., S-criterion. 
Proposal 12 RAN2 should discuss whether the IAB-donor-controlled CHO execution is needed as additional enhancements, when all candidate cells trigger CHO due to reception of Type 2 BH RLF Indication. 
2.3. Local rerouting enhancements 
In Rel-16, the local rerouting is only allowed when BH RLF happens [6]; 
	NOTE:
Data buffering on the transmitting part of the BAP entity, e.g., until RLC-AM entity has received an acknowledgement, is up to implementation. In case of BH RLF, the transmitting part of the BAP entity may reroute the BAP Data PDUs, which has not been acknowledged by lower layer before the BH RLF, to an alternative path.


RAN2#113-e achieved the following agreements related to local rerouting enhancements [2]: 

	· Type-2 RLF indication may be used to trigger local rerouting 

· Local rerouting can be triggered by indication of hop-by-hop flow control. Further details, e.g., on trigger information, trigger conditions, role of CU configuration, are FFS.
· RAN2 considers inter-donor-DU local rerouting to be in scope


However, the details of local rerouting is still unclear at least from the configuration point of view, As agreed in RAN2#112-e, “RAN2 to discuss local rerouting, including the benefits over central route determination, and on how topology-wide objectives can be addressed.” for other cases (i.e., not limited to BH RLF) in Rel-17 [9]. So, the problem in Rel-16 should be considered from the topology-wide objective point of view. Needless to say, the IAB-donor is the entity that handles the topology-wide objective since it has full knowledge and full control of its IAB topology. 
Observation 3 The IAB-donor is the most suitable entity to ensure the topology-wide objective. 
With Rel-16 local rerouting, it’s up to IAB-node implementation which path is selected as the alternative path [6], as long as the destination is the same. It means the local rerouting is based on the local decision and uncontrollable from the IAB-donor’s perspective, which may not align with the topology-wide objective, especially in case many local decisions happen and accumulate in the IAB topology. 
Observation 4 With Rel-16 local rerouting, it’s up to IAB-MT implementation which path is selected as the alternative path. 
So, the IAB-donor’s controllability should become more important if the local rerouting is extended beyond BH RLF case. It’s straight forward that the IAB-donor may configure the alternative path(s), whereby the IAB-node should select the alternative path when it performs the local rerouting. The modelling of alternative path(s) should be FFS, e.g., whether or not the alternative path(s) has the same Routing ID. 
Proposal 13 RAN2 should discuss whether the IAB-donor may configure the IAB-node with the alternative path(s) on top of Rel-16 routing configuration. 
As the other aspect for IAB-donor’s controllability, it should be considered that the IAB-donor should be aware of local rerouting and may start/stop the local rerouting at an IAB-node, for coexistence between the local rerouting and the topology-wide objective. For example, the IAB-donor may consider if the topology-wide objective is still met, based on the knowledge of which IAB-node currently performs the local rerouting. If the IAB-donor notices the topology-wide objective cannot be met, the IAB-donor may instruct the IAB-node(s) to start/stop the local rerouting, or the IAB-donor may change the routing configuration of whole IAB topology. 

It’s totally up to IAB-donor implementation how to handle the topology-wide objective due to the local rerouting, but the IAB-donor may need the information and controllability of IAB-nodes’ local decisions. 
Proposal 14 RAN2 should discuss whether the IAB-node needs to inform the IAB-donor when the local rerouting starts/stops. 

Proposal 15 RAN2 should discuss whether the IAB-donor may instruct the IAB-node to start/stop the local rerouting. 

3. Conclusion 
In this contribution, the details of eIAB topology adaptation enhancements are discussed. The issues based on Rel-16 IAB and current agreements are identified, and candidate solution for Rel-17 are proposed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
Only Type 4 “Recovery failure” was specified as BH RLF Indication in Rel-16.
Proposal 1
RAN2 should agree to specify that the IAB-MT triggers the local rerouting on upstream path when it receives Type 2 BH RLF Indication from its parent.
Proposal 2
RAN2 should agree to specify that the IAB-MT stops the local rerouting on upstream path, i.e., reverts to “normal” routing configured, when it receives Type 3 BH RLF Indication from its parent.
Proposal 3
RAN2 should discuss whether to specify only in Stage-2 the IAB-DU removes IAB-Support IE from SIB1 when it receives Type 2 BH RLF Indication and it has no alternative route to the IAB-donor.
Proposal 4
RAN2 should discuss whether the IAB-DU bars UE accesses, in addition to IAB-MT accesses, when it receives Type 2 BH RLF Indication and it has no alternative route to the IAB-donor.
Proposal 5
RAN2 should agree to specify that the IAB-MT deactivates or reduces SR and/or BSR transmissions when it receives Type 2 BH RLF Indication from its parent.
Proposal 6
RAN2 should agree to specify that the IAB-MT is allowed to resume the normal procedure for SR and/or BSR transmissions when it receives Type 3 BH RLF Indication from its parent.
Proposal 7
RAN2 should discuss whether to support SR and/or BSR “deactivation”, “reduction” or both (i.e., configurable), when Type 2 BH RLF Indication is received from the parent.
Proposal 8
RAN2 should agree to specify that the IAB-MT triggers CHO when it receives Type 2 BH RLF Indication from its parent.
Proposal 9
RAN2 should discuss whether the IAB-MT cancels CHO execution (if possible), when it receives Type 3 BH RLF Indication from its parent.
Proposal 10
If Proposal 1 and Proposal 8 are both agreeable, RAN2 should further agree that the IAB-donor may configure either the IAB-node triggers the local rerouting or CHO, due to the reception of Type 2 BH RLF Indication.
Proposal 11
RAN2 should discuss whether Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU or SIB1.
Observation 2
With Rel-16 CHO, it’s up to UE implementation which cell to be selected if multiple candidate cells trigger CHO execution.
Proposal 12
RAN2 should discuss whether the IAB-donor-controlled CHO execution is needed as additional enhancements, when all candidate cells trigger CHO due to reception of Type 2 BH RLF Indication.
Observation 3
The IAB-donor is the most suitable entity to ensure the topology-wide objective.
Observation 4
With Rel-16 local rerouting, it’s up to IAB-MT implementation which path is selected as the alternative path.
Proposal 13
RAN2 should discuss whether the IAB-donor may configure the IAB-node with the alternative path(s) on top of Rel-16 routing configuration.
Proposal 14
RAN2 should discuss whether the IAB-node needs to inform the IAB-donor when the local rerouting starts/stops.
Proposal 15
RAN2 should discuss whether the IAB-donor may instruct the IAB-node to start/stop the local rerouting.
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