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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 


Regarding the topology adaptation enhancements, RAN2#113-e reached the following agreements [2], 

	· 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.
· 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 
· 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



In this contribution, the various topics of topology adaptation enhancements for Rel-17 eIAB are discussed; specifically, BH RLF Indication enhancements, Conditional Handover enhancements, Local rerouting enhancements and some other enhancements. 
2. Discussion 
2.1. BH RLF Indication enhancements 
In Rel-16 email discussion [3], 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 [3]
At the end, only Type 4 “Recovery failure” was specified as BH RLF Indication in Rel-16 [4]
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[5], 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” [2]: 

	· 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 


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. 
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 [5]. 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 [6]. Therefore, RAN2 should discuss whether these are transmitted via BAP Control PDU or SIB1. 
Proposal 8 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 [7], and in our understanding CHO can be used for Rel-16 IAB as specified. RAN2#113-e reached the following agreements [2], so it’s worth considering the CHO enhancements for eIAB on top of Rel-16 CHO. 
	· 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.


In Rel-16 CHO, it’s executed when the corresponding CHO event (A3/A5) is met, or when the selected cell is a CHO candidate as the outcome of cell selection for RRC Reestablishment [4]; 
	The following principles apply to CHO:
-
The CHO configuration contains the configuration of CHO candidate cell(s) generated by the candidate gNB(s) and execution condition(s) generated by the source gNB.
-
An execution condition may consist of one or two trigger condition(s) (CHO events A3/A5, as defined in [12]). Only single RS type is supported and at most two different trigger quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously for the evalution of CHO execution condition of a single candidate cell.

	After RLF is declared, the UE:

-
stays in RRC_CONNECTED;

[…]
-
in case of CHO, for RLF in the source cell:

-
selects a suitable cell and if the selected cell is a CHO candidate and if network configured the UE to try CHO after RLF then the UE attempts CHO execution once, otherwise re-establishment is performed;

-
enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.


CHO event A3/A5 can be met when the IAB-node experiences BH RLF in its BH link. On the other hand, these triggering conditions cannot be met under the IAB-specific RLF, i.e., RLF due to reception of BH RLF Indication (Type 4), since the radio condition of the IAB-node’s own BH link is still good. In this case, one of desired behaviour would be for the IAB-node to execute CHO when it receives BH RLF Indication. 
Observation 2 Rel-16 CHO is not automatically triggered/executed by CHO event A3/A5 at the IAB-MT when the parent’s BH RLF recovery is in progress and even failed, since the BH link between the IAB-MT and the parent is still good. 
So, it’s worth discussing the additional triggering condition for CHO, to improve the topology adaptation of Rel-17 eIAB. We think at least the existing BH RLF Indication (i.e., Type 4) is a promising candidate of the new trigger, while it can be further discussed if CHO should also be executed upon the reception of Type 2 Indication, if introduced. 
Proposal 9 RAN2 should discuss if the additional triggering condition for CHO is specified, i.e., at least when the IAB-node receives BH RLF Indication (Type 4). It’s FFS whether to be applicable for Type 2, if introduced. 
If Proposal 9 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 BH RLF Indication. 
According to the current specification [7], “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 3 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 [8]. So, RAN2 should discuss how the IAB-donor-controlled CHO execution with the additional triggering condition should work as in Proposal 9. 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 10 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 BH RLF Indication. 
2.3. Local rerouting enhancements 
In Rel-16, the local rerouting is only allowed when BH RLF happens [5]; 
	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 [8]. 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 4 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 [5], 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 5 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 11 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 12 RAN2 should discuss whether the IAB-node needs to inform the IAB-donor when the local rerouting starts/stops. 

Proposal 13 RAN2 should discuss whether the IAB-donor may instruct the IAB-node to start/stop the local rerouting. 

2.4. Other enhancements
2.4.1. BH RLF recovery and Cell (re-)selection enhancements 
In the RRC Reestablishment procedure, the IAB-MT first performs the cell selection procedure in order to find out the suitable cell [10]. For this cell selection process, the potential problems were pointed out in Rel-16, such that the IAB-MT may select a descendant node [11]
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[12]. Thus, it was discussed in the email discussion “[Post109e#36][IAB] RLF Handling Open Issues” [13]. 
According to Phase 1.3 of [13], the five possible solutions were discussed and summarized with the rapporteur’s views as follows; 
	The following technical comments were made on options 1 to 4:

· Option 1: Pre-configuration of potential recovery nodes, e.g., using CHO.
It was pointed out, however, that cell selection was not limited to CHO candidates, and therefore, CHO would not completely solve the problem. Nevertheless, there was support for this option since it is off-the-shelf and at least alleviates the problem.

· Option 2: Additional DL indications for declaration and revocation of BH RLF. 

Some companies had doubts that this option would solve the problem. One company pointed out that upon reception of the RLF indication, the child would have to remove IAB-support indicator in SIB so that the DU is not selected as parent.

· Option 3: Configuration of IAB-node with downstream topology.

There was little support for this option. Some companies pointed out that it had some similarity to option 1.

· Option 4: Nothing needed since RRC Reestablishment will fail if there is no BH connectivity.
There was support for this option especially since it does not require any further work.

Other options proposed

· Option 5: OAM-based solution 
The rapporteur stresses that this is not a viable option when the CU manages the topology. In this case, the OAM has no clue about the IAB-node’s sub-topology. Therefore, this option will not be considered.

Several companies stressed the urgency for timely completion of the WI, and to move further topology adaptation issues to Rel-17.

Rapporteur’s view: 

Many companies were in favor of options 1 and 4. These options do not require any specification effort. There was not enough support for any other option. The topic can be discussed again in Rel-17.

No further action is taken on this topic in Rel-16. 


Figure 2
 Identified solutions for avoiding reestablishment towards descendant nodes [11]
The conclusion was “No further action is taken on this topic in Rel-16”, which meant RAN2 went with “Option 4: Nothing needed since RRC Reestablishment will fail if there is no BH connectivity.” It was acceptable in Rel-16 deployment scenarios even though Option 4 would need more time for BH RLF recovery since it waits the failure, i.e., T301 expiry, and eventually needs to go to IDLE. 
Observation 6 In Rel-16, in case the IAB-node tries RRC Reestablishment Request to a descendant node, the IAB-node needs to wait its failure and eventually goes to IDLE. 
In Rel-17, cell (re-)selection and RRC Reestablishment may happen more often. So, the sub-optimal operation, i.e., according to Observation 6, would cause a significant performance degradation in terms of the stability and service continuity of IAB topology. Therefore, as the email discussion rapporteur mentioned above, “The topic can be discussed again in Rel-17.” in order to optimize the IAB-MT behaviour during BH RLF recovery. 
Proposal 14 RAN2 should agree that the optimization in cell (re-)selection is considered, in order to avoid the reestablishment towards the unsuitable nodes (e.g., descendant nodes). 
Among the identified solutions except for Option 4 above, it could be considered that the common concept is the IAB-MT is provided some sort of either an allow-list or a blocklist, for cell selection purpose. Given that the topology change may happen frequently in Rel-17, e.g., by “inter-donor IAB-node migration” [1], the allow-list and the blocklist have pros and cons depending on the topology and the location of IAB-node. 
For example, from the perspective of IAB node which is near the IAB-donor, i.e., the top of DAG topology, it is more reasonable to provide the allow-list, since the number of candidate nodes is lower, e.g., only the IAB-donor-DU in some case. 

However, in another example from the perspective of an IAB node which is far from the IAB-donor, i.e., the bottom of DAG topology, the allow-list may need to include a large number of candidate nodes. Instead, the blocklist may be more suitable as it reduces the overhead since it just contains the downstream IAB-nodes of a concerned IAB-node, e.g, only a few child IAB-nodes in some case. 
One concern in the allow-list is, given the nature of “inter-donor IAB-node migration” in Rel-17, it may need to contain the candidate IAB-nodes belonging to different/neighbouring IAB topologies, which may increase the size of list. On the other hand, there’s isn’t such a concern with the blocklist since the downstream IAB-nodes are, needless to say, belong to the same IAB topology. 
Observation 7 The allow-list and the blocklist have pros and cons depending on the topology and location of IAB node. 
So, it may be preferable that the IAB-donor (or the parent IAB-node) has a choice of whether the allow-list or the blocklist is used, if it provides the information to its child IAB-nodes for the cell selection purpose. Note that it should also be considered if the information is beneficial to be reused for cell reselection purpose. 
Proposal 15 RAN2 should agree that the IAB-MT is provided the allow-list or the blocklist (i.e., choice structure) for cell selection purpose, in order to avoid the reestablishment towards descendant nodes. It’s FFS whether these lists can also be used for cell reselection procedure. 
If Proposal 15 is agreeable, it should be further considered how the information, (i.e., the allow-list or the blocklist) is provided. Option 1 assumes the configuration of CHO, which may need some enhancements. Option 2 assumes an additional indication, which may be e.g., Type 2 BH RLF Indication. Option 3 assumes to provide the topology-wide information, which is not in the existing configuration. Option 5 assumes the configuration by OAM, which is doubtful as the rapporteur pointed out. 
Considering Rel-17 assumption, the allow-list/blocklist should be provided dynamically, i.e., the parent IAB-node or the IAB-donor should provide the list to the child IAB-node, once the topology change occurs. So, Option 5, i.e., OAM, should be ruled out. It’s FFS which method, i.e., Option 1, 2 or 3, should be the baseline for enhancements. 
Proposal 16 RAN2 should agree that the allow-list/blocklist is dynamically provided by the parent IAB-node or the IAB-donor, whenever the topology change happens. The details are FFS. 
2.4.2. Lossless delivery enhancements 

In the study phase in Rel-15, the issue on multi-hop RLC ARQ was discussed and captured in section 8.2.3 of the TR [14]. In Rel-16, the protocol stack was defined for IAB with non-separated RLC layer [4], which meant the end-to-end ARQ was ruled out and the hop-by-hop ARQ was adopted. 
As for the hop-by-hop ARQ, it was identified the issue in end-to-end reliability, i.e., lossless delivery on UL packets. The three solutions are identified and evaluated according to Table 8.2.3-2 of TR [14], as quoted below; 
	
	Modification of PDCP protocol/procedures 
	Rerouting of PDCP PDUs buffered on intermediate IAB-nodes
	Introducing UL status delivery

	Applicable to Rel-15 UEs
	No
	Yes
	Yes

	Signaling overhead
	Yes

New signaling for triggering data retransmission
	Yes

New signaling for either deciding whether to discard the buffered data or configuring the forwarding path for the buffered data on the old route.
	Yes

New signaling for confirming data reception and/or triggering data retransmission.

	Support of lossless delivery of UL data
	Yes
	No
	Yes


Figure 3
 Comparison of mechanisms for lossless delivery of UL data in hop-by-hop RLC ARQ case (Table 8.2.3-2 of [14])

In Rel-16, the first solution “Modification of PDCP protocol/procedures” was not adopted since it affects Rel-15 UEs. 
The second solution “Rerouting of PDCP PDUs buffered on intermediate IAB-nodes” was supported as an implementation choice in the BAP layer [5]. In addition, the BAP layer may perform “Data buffering on the transmitting part of the BAP entity, e.g., until RLC-AM entity has received an acknowledgement, is up to implementation.” [5] These BAP implementations were considered to avoid the packet loss in “most“ cases in Rel-16 deployment scenario, i.e., with the fixed IAB-nodes, although it was not perfect e.g., as in Figure 3. 
The third solution “Introducing UL status delivery” was a promising solution to ensure the lossless delivery of UL data, considering the evaluation results quoted in Figure 3. The idea was to delay the RLC ARQ to the UE, so that the PDCP data recovery in UE is initiated when it needs.  However, it was not specified in Rel-16 since it was seen as a rare case to drop the UL packets due to topology changes as the fixed IAB node was assumed. 
Given Rel-17 assumption, the third solution should be further considered since it’s no longer the rare case to miss UL packets during topology changes that happen frequently in Rel-17. So, RAN2 should discuss an enhanced mechanism to ensure the lossless delivery within L2 multi-hop network, on top of the results captured in the TR [14]. 
Proposal 17 RAN2 should agree to introduce a mechanism to ensure the lossless delivery, under the condition that the topology change may happen frequently, based on the solutions that are identified in TR38.874, i.e., some form of “UL status delivery”. 
For the details of third solution, i.e., “Introducing UL status delivery”, there were a couple of options discussed, i.e., C-1 and C-2 in the email discussion “[103#53][IAB] E2E reliability in hop-by-hop RLC ARQ” [15], as quoted below; 
	Solution
	Descriptions

	C-1
	Access IAB node delays the sending of RLC ACKs to UE until a confirmation of reception at IAB donor [3, 4, 7].

When PDCP data recovery / PDCP re-establishment is triggered by RRC, UE retransmits all the PDCP SDUs for which the successful delivery has not been confirmed by lower layers as in the current PDCP specification.

C-1 would need UL status report from IAB donor to access IAB node. This could be UE bearer specific due to its end to end nature.

	C-2
	Access IAB node delays the sending of RLC ACKs to UE until a confirmation of reception at its parent node, and the parent node should also delay the sending of RLC ACKs to its child node until a confirmation of reception at its parent node, and so on [4].

When PDCP data recovery / PDCP re-establishment is triggered by RRC, UE retransmits all the PDCP SDUs for which the successful delivery has not been confirmed by lower layers as in the current PDCP specification.

C-2 would need some enhancements towards RLC ACK/NACK operation between IAB nodes, e.g. with hop by hop RLC ARQ, BH RLC channels multiplex data from many UEs, potentially being served by different downstream IAB nodes. This may lead to stalling RLC ACKs for some UEs based on data being not confirmed for other UEs.


Figure 4
 Options for “C) Introducing UL status delivery” [15]
Regarding C-1 above, it’s assumed that the “confirmation” from the IAB-donor will need to be specified on BAP or RRC, in order for the end-to-end signalling transfer over multi-hop L2 network. Thus, relatively high standard efforts will be necessary to specify this option. 
Regarding C-2 above, it’s actually implementable even for Rel-16 IAB nodes, since it’s eventually up to IAB-DU implementation when it sends RLC ACK to the UE (or downstream IAB-nodes), although it needs to be assumed the OAM configures all IAB-nodes with this option, if it works sufficiently in an IAB topology. In addition, it’s simpler than C-1 since it would assume the hop-by-hop feedback and no additional Control PDU. So, C-2 should be the baseline of Rel-17 enhancement for the lossless delivery of UL packets. 
Observation 8 The solution C-2 for “Introducing UL status delivery” is implementable even for Rel-16, which may be the baseline of Rel-17 enhancements. 
Rel-17 enhancements, however, would support C-2 as the standard support function, since Rel-17 should assume the dynamic topology changes that cause the UL packet loss. It’s considered that at least Stage-2 specification should describe the overall mechanism based on C-2; otherwise, 3GPP standards don’t ensure the lossless delivery during handover of an IAB-node. In addition, it’s expected some minor changes in Stage-3, e.g., RLC and/or BAP, but there is another possibility not to specify the details since it’s considered as the IAB-node’s internal behaviour. 
Proposal 18 RAN2 should agree to specify the RLC ARQ mechanism for lossless delivery of UL packets in Stage-2, which delays sending ACK to the child node/the UE, before receiving ACK from the parent IAB node, i.e., C-2 in [14].  Whether/how to be specified in Stage-3 is FFS. 
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 based on the discussions and outcomes in Rel-15 study, Rel-16 normative work and on-going Rel-17 discussion.  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 discuss whether Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU or SIB1.
Observation 2
Rel-16 CHO is not automatically triggered/executed by CHO event A3/A5 at the IAB-MT when the parent’s BH RLF recovery is in progress and even failed, since the BH link between the IAB-MT and the parent is still good.
Proposal 9
RAN2 should discuss if the additional triggering condition for CHO is specified, i.e., at least when the IAB-node receives BH RLF Indication (Type 4). It’s FFS whether to be applicable for Type 2, if introduced.
Observation 3
With Rel-16 CHO, it’s up to UE implementation which cell to be selected if multiple candidate cells trigger CHO execution.
Proposal 10
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 BH RLF Indication.
Observation 4
The IAB-donor is the most suitable entity to ensure the topology-wide objective.
Observation 5
With Rel-16 local rerouting, it’s up to IAB-MT implementation which path is selected as the alternative path.
Proposal 11
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 12
RAN2 should discuss whether the IAB-node needs to inform the IAB-donor when the local rerouting starts/stops.
Proposal 13
RAN2 should discuss whether the IAB-donor may instruct the IAB-node to start/stop the local rerouting.
Observation 6
In Rel-16, in case the IAB-node tries RRC Reestablishment Request to a descendant node, the IAB-node needs to wait its failure and eventually goes to IDLE.
Proposal 14
RAN2 should agree that the optimization in cell (re-)selection is considered, in order to avoid the reestablishment towards the unsuitable nodes (e.g., descendant nodes).
Observation 7
The allow-list and the blocklist have pros and cons depending on the topology and location of IAB node.
Proposal 15
RAN2 should agree that the IAB-MT is provided the allow-list or the blocklist (i.e., choice structure) for cell selection purpose, in order to avoid the reestablishment towards descendant nodes. It’s FFS whether these lists can also be used for cell reselection procedure.
Proposal 16
RAN2 should agree that the allow-list/blocklist is dynamically provided by the parent IAB-node or the IAB-donor, whenever the topology change happens. The details are FFS.
Proposal 17
RAN2 should agree to introduce a mechanism to ensure the lossless delivery, under the condition that the topology change may happen frequently, based on the solutions that are identified in TR38.874, i.e., some form of “UL status delivery”.
Observation 8
The solution C-2 for “Introducing UL status delivery” is implementable even for Rel-16, which may be the baseline of Rel-17 enhancements.
Proposal 18
RAN2 should agree to specify the RLC ARQ mechanism for lossless delivery of UL packets in Stage-2, which delays sending ACK to the child node/the UE, before receiving ACK from the parent IAB node, i.e., C-2 in [14].  Whether/how to be specified in Stage-3 is FFS.
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