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1 Introduction

For Release 17 a WID on Enhancements to Integrated Access and Backhaul was proposed [1] and the following objective was agreed:

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 signaling 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.
An email discussion was carried out to clarify the scope of IAB topology adaptation [2]. Therein, a multitude of topics related to topology adaptation were discussed. In this contribution, we provide further input regarding some of these aspects, specifically CHO/DAPS for IAB and BH RLF handling.
2 Conditional HO for IAB
Conditional Handover (CHO) is a mobility enhancement feature introduced in LTE/NR rel-16, where a UE can be pre-configured with a HO command with associated triggering conditions.  The UE executes the HO command upon the fulfillment of the conditions. This eliminates the need for measurement reporting, subsequent transmission of the HO command by the network, thus eliminating one of the main causes of HO failures (i.e. handover command not received on time). Considering NR frequencies, and most likely those in FR2 range, will be used for the backhaul link, links could be vulnerable to outages and CHO can be used by the IAB MT to quickly recover from such outages. 
Observation 1:
CHO as standardized in rel-16 can be reused for IAB MT to enable robust migration of the IAB node to another parent node, e.g. in case of BH RLF on the source link. 
However, IAB nodes are static and as such it may not be feasible/reasonable to prepare/reserve resources at a target donor CU, target donor DU, and possibly several intermediate IAB nodes on the path to the new parent, for a long period of time just in case BH RLF happens. This is especially true if the migration of an IAB node implies the migration of all descendant IAB nodes and UEs. 
Observation 2:
Since IAB nodes are static, if the HO of the IAB node implies the HO of all descendant IAB nodes and UEs, CHO that is solely based on radio conditions may be unrealistic as it requires resource reservation on the target donor CU(s), target donor DU(s) and possibly a multitude of intermediate IAB nodes on the path to the candidate donor(s). 
In rel-16 CHO, if an RLF occurs and the UE re-establishes to a cell that is part of the CHO configuration, the UE applies the CHO configuration. In the IAB scenario, when an IAB node experiences a BH RLF, it sends a BH RLF indication to child nodes. The child node, if it was configured with CHO and it re-establishes to a cell that is a candidate cell of a CHO configuration, performs the CHO configuration instead of continuing with the re-establishment. However, if the re-selection happens to a cell that is not a CHO candidate, the re-establishment procedure is continued. If the re-establishment of the IAB node is to be performed along with all the descendant IAB nodes and UEs, this can be a very expensive procedure and may lead to considerable service interruption for a multitude of UEs. 
Observation 3:
BH RLF at a parent IAB node will not necessarily trigger CHO at a child IAB node, possibly leading to re-establishment of the IAB node and its descendent nodes/UEs, even though there are already prepared target cells/nodes for CHO.    
Apart from robustness for BH RLF handling, another reason for supporting topology adaptation/migration of IAB nodes is load balancing. However, in CHO as standardized in rel-16, load was not part of the CHO triggering conditions. Yet another aspect that is not relevant/considered for UE’s CHO, but important in IAB networks is multi-hop latency. 

Observation 4:
CHO triggering conditions in rel-16 are based only on radio conditions, while in multi-hop IAB networks, other aspects such as load balancing and latency are also important conditions to consider for mobility decisions. 
Thus, enhancements are required to ensure a proper performance of CHO in multi-hop IAB networks, especially considering the CHO triggering conditions and aspects of resource reservation at target donor and intermediate nodes on the target path. Resource reservation at target donor and intermediate nodes is a RAN3 aspect, so RAN2 can focus on the triggering conditions.

Proposal 1:
Rel-17 enhancements for CHO at IAB nodes will be made that consider additional triggering conditions such as BH RLF, load, and latency.

3 DAPS for IAB
Service interruption time during HO can be quite considerable. For example, in LTE it could range from 30ms to 60ms in LTE, depending on the handover scenario. In order to reduce this interruption time, the concept of Dual Active Protocol Stack (DAPS) was standardized in rel-16, where the UE can simultaneously receive from both the source and target during the HO. This ensures that the quality of highly delay sensitive services will not be degraded because of mobility. 

Though an IAB node is expected to be static, the IAB node can be subjected to migration to another parent node/donor for reasons such as BH RLF and load balancing. For the migration case due to load balancing, DAPS HO is relevant in IAB networks, and even more so to some extent, as the interruption of data flowing to/from the IAB node is likely to affect a multitude of bearers that are being transported over the backhaul link being migrated.

Observation 5:
Reducing service interruption over the BH link during IAB migration is an important aspect to consider, as it is likely to affect the performance of a multitude of bearers that were being transported over the concerned BH link.   
An IAB node transparently forwards the data belonging to the DRBs of the UEs that it is serving (or the UEs that its descendants IAB nodes are serving). As such, the rel-16 DAPS mechanisms, which is configured at a DRB level, can be applied only for configuring DAPS HO of the bearers of the IAB MT (i.e. where the PDCP is terminated at the IAB node). This means UE bearers that are served by the migrating IAB node or its descendant IAB nodes will not be able to benefit from DAPS HO, and thereby experience handover interruption when the IAB node migrates.

Observation 6:
Rel-16 DAPS, which is configurable at DRB level, will be applicable only for IAB MT DRBs, and thus will not guarantee service continuity for packets of descendant UEs and IAB nodes. 
Consider the scenario shown below, where IAB node B is performing a handover from the source DU to the target DU. Also assume that UE1 that is connected to a child of IAB B (IAB A) and UE2 that is connected directly to the IAB B have radio bearers that are delay intolerant, and are mapped 1:1 all the way to the donor DU (not shown in the figure, and which can be several hops away from the source/parent DU). That is, for the bearer of UE1, there is a dedicated BH RLC channel between IAB A and IAB B, and also between IAB B and its parent, and for the bearer of UE2, there is a dedicated BH RLC channel between IAB B and its parent.
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Even if a DAPs HO is configured for IAB B (i.e. at least one of the bearers of the IAB MT is configured for DAPS), as the PDCP of the bearers of UE1 and UE2 are terminated at the respective UEs, once the handover command is received at the IAB node:

· UL data of bearers of UE1 and UE2, which are being received at IAB B over the corresponding ingress BH RLC channels,  will have to be buffered at the IAB B from the moment the HO command is received until the migration of IAB B toward the target is complete (i.e. RACH towards the target node is complete, and the IAB node has sent the RRC Reconfiguration complete message)

· DL data of bearers of UE1 and UE2, which are being received at source DU, cannot be delivered to the IAB node B, as the source only continues to transmit the DL data to the IAB MT DRBs configured for DAPS after sending the HO command.

Even in scenarios where there are only best effort bearers that are mapped N:1, the fact that DL data that is buffered at the source node that has to pass through the migrating IAB node will not be sent once the handover command is sent to the IAB node means that all the radio resources that were used to transmit these buffered packets between the donor CU-UP and the source DU, which may have been several hops away, was in vain, as these packets have to be resent over the new path to the target DU.

Observation 7:
Apart from service interruption, not supporting DAPS HO for BH RLC channels will result in sub-optimal resource utilization, as data that was already pending at the source parent DU has to be retransmitted over the new path.   
Thus, we propose:
Proposal 2:
Rel-17 to support DAPS HO for BH RLC channels. 
4 BH RLF handling

During rel-16, several types of BH RLF related indications were discussed.  Due to time limitations, only one indication was standardized: the indication that the parent node has failed to recover the BH link to a parent node. Upon reception of such an indication, the IAB node performs a re-establishment. Though this mechanism ensures that an IAB node will not keep connected to a parent node that has no more BH connectivity, it is a slow process as data is unnecessarily pending at the child IAB nodes while the parent node is trying to recover its BH link.

Observation 8:
BH RLF handling, as standardized in rel-16, will lead to longer service interruption.   
Thus, we should revisit the other types of the BH RLF indicators that were considered in rel-16, specifically:
· Indicator that the parent has experienced BH RLF and is trying to recover it (Type 1)

· Indicator that the parent has managed to recover the BH RLF (Type 2)

Upon the reception of Type 1 indication, the child node can take some action to ensure service interruption will not occur or will be minimized. For example, it can send UL data to an alternate route, if available, or it can trigger a CHO configuration, if configured. On reception of a Type 2 indication, the child node can revert back to the behavior before the reception of the Type1 indicator. Further discussion is required in RAN2 regarding the behavior on the reception of Type 1 and Type 2 indicators.

Proposal 3:
Rel-17 to introduce Type 1 (BH RLF detected) and Type 2 (BH RLF recovered) indications.

Proposal 4:
The behavior on the reception of Type 1 indication is FFS.

Proposal 5:
On receiving a Type 2 indication, the IAB node reverts to the behavior before the reception of the Type 1 indication.
5 Conclusions
In this contribution, we discussed the issue of IAB topology adaptation enhancements and the following observations and proposals were made:
Observation 1:
CHO as standardized in rel-16 can be reused for IAB MT to enable robust migration of the IAB node to another parent node, e.g. in case of BH RLF on the source link. 
Observation 2:
Since IAB nodes are static, if the HO of the IAB node implies the HO of all descendant IAB nodes and UEs, CHO that is solely based only on radio conditions may be unrealistic as it requires resource reservation on the target donor CU(s), target donor DU(s) and possibly a multitude of intermediate IAB nodes on the path to the candidate donor(s). 
Observation 3:
BH RLF at a parent IAB node will not necessarily trigger CHO at a child IAB node, possibly leading to re-establishment of the IAB node and its descendent nodes/UEs, even though there are already prepared target cells/nodes for CHO.    
Observation 4:
CHO triggering conditions in rel-16 are based only on radio conditions, while in multi-hop IAB networks, other aspects such as load balancing and latency are also important conditions to consider for mobility decisions. 

Observation 5:
Reducing service interruption over the BH link during IAB migration is an important aspect to consider, as it is likely to affect the performance of a multitude of bearers that were being transported over the concerned BH link.   
Observation 6:
Rel-16 DAPS, which is configurable at DRB level, will be applicable only for IAB MT DRBs, and thus will not guarantee service continuity for packets of descendant UEs and IAB nodes. 

Observation 7:
Apart from service interruption, not supporting DAPS HO for BH RLC channels will result in sub-optimal resource utilization, as data that was already pending at the source parent DU has to be retransmitted over the new path.   
Observation 8:
BH RLF handling, as standardized in rel-16, will lead to longer service interruption.   
Proposal 1:
Rel-17 enhancements for CHO at IAB nodes will be made that consider additional triggering conditions such as BH RLF, load, and latency.

Proposal 2:
Rel-17 to support DAPS HO for BH RLC channels. 

Proposal 3:
Rel-17 to introduce Type 1 (BH RLF detected) and Type 2 (BH RLF recovered) indications.

Proposal 4:
The behavior on the reception of Type 1 indication is FFS.

Proposal 5:
On receiving a Type 2 indication, the IAB node reverts to the behavior before the reception of the Type 1 indication.

6 References

[1] RP-201293 – New WID on Enhancements to Integrated Access and Backhaul (Qualcomm)

[2] Report on email discussion [Post111-e][903][eIAB] Topology adaptation enhancements RAN2 scope (Qualcomm)
