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1 Introduction
In TS 38.300, several RRC states, namely RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED are introduced and supported. Some RRC procedures are defined to support state transitions among different RRC states. Since the IAB node’s MT provides embedded UE-like functions, the impact of the above RRC state on IAB should be discussed and studied. This paper discusses how mobility procedures apply to IAB node’s in different RRC states, and propose some enhancements based on the existing framework.
2 Discussion
Based on RAN1’s discussion on IAB, the following description has been captured in the TR 38.874 section 7.2.1:

	An IAB node can follow the same initial access procedure as an UE, including cell search, SI acquisition, and random access, in order to initially set up a connection to a parent IAB-node or an IAB-donor.


According to RAN3 TP R3-184313 on IAB node access procedure for architecture group 1, the IAB node MT part should first perform “normal cell discovery and cell selection” and send “RRC connection request” to IAB donor/node DU part. 
When an IAB node powers on, it (the MT of IAB node) can operate as a normal UE to discover IAB donor or upstream IAB node and select a suitable node for initial access only based on the measurement result of backhaul link, such as RSRP/RSRQ of SS/PBCH block(s), and based on normal cell selection procedure.

One potential enhancement for initial access of IAB node is that IAB donor or upstream IAB node broadcasts some assistance information such as hop information and/or load information for initial cell selection. One reason is that selecting an upstream node (the donor node or the IAB node) with fewer hops from the donor node is beneficial for delay sensitive services. However, this is not really necessary since the donor node can redirect or handover the IAB node to another upstream node after initial access to meet specific requirements. In L2 relaying, the RRC layer is located in donor node, and the donor node has full information such as measurement results from the IAB node, each link load/interference information, etc. It could be best to let the donor to decide on topology updates, rather than rely on IAB node logic with limited information about network topology and loading.

Proposal 1 For the initial access phase, the IAB node performs cell discovery, cell selection and initial access procedures as a normal UE.
After the initial access, the MT of the accessed IAB node can also perform measurements for link quality or to discover other upstream IAB nodes. And it is also possible that each IAB node can be configured to provide information about node status such as the traffic load. After receiving measurement results and the above mentioned information from multiple IAB nodes, the donor node is aware of the topology related information, such as link quality, traffic load and neighbors of each IAB node, for the whole network. Thus the donor node can select a more suitable upstream node for any IAB node, and handover/redirect this IAB node to the selected upstream node for specific purposes, such as to perform load balancing or to guarantee a better link quality. 

Observation 1 The serving donor node uses normal handover/redirection procedures for switching the serving upstream IAB node of another IAB node.
Also, an IAB node can be configured to perform measurement of other IAB donors and report measurement results to its serving IAB donor node. In the meantime, the serving IAB donor can cooperate with other IAB donors to collect information about the status of those downstream IAB nodes. With this collected topology information, the serving IAB donor node can also decide to perform a traditional inter-node handover/redirection procedure to handover the IAB node to another IAB donor node.

Observation 2 The serving donor node uses normal inter-node handover/redirection procedures for switching the donor node of an IAB node.
Proposal 2 The donor node controls the topology updates. Using existing handover/redirection for topology update is baseline. Further enhancements are FFS. 
For DAG topology, it is possible to establish multiple connections for one IAB node to enable robust operation. If multiple connectivity is needed, the donor can also configure redundant links using the normal dual connectivity procedures for the IAB node.

Proposal 3 The serving donor node configures redundant links for multiple connectivity after IAB initial access.
While an IAB node is transmitting backhaul data, the radio link may fail. Then the RLM/RLF related procedures should also apply to the IAB node. The normal RRC reestablishment procedure can be performed to recover from a RLF.
Proposal 4 When an IAB node experiences a RLF, the normal RRC reestablishment procedures should be reused.

In NR, RRC_INACTIVE was introduced to reduce the signalling overhead and provide power savings. For a UE in inactive state, the gNB will keep its RAN context (security, UE capability, etc.) and the UE can be paged to transition into RRC_CONNECTED. However, is not clear if there is a motivation for supporting RRC inactive for an IAB node. As an IAB node should be always-on after DU setup, it appears that it is only necessary to support the RRC connected state. So an IAB node need not support RRC_INACTIVE mode unless a clear motivation is identified. 
Proposal 5 The IAB node’s (MT) stays in connected mode after initial access. The IAB node does not need to support RRC inactive state and corresponding procedures.

When an IAB node is operating, the IAB donor may reconfigure the backhaul link due to several reasons, such as a drop in link quality or link overload. In the IAB topology related discussion, this is referred to as topology adaptation. RRC mobility management procedures can be extended to support such topology adaptation. From the IAB perspective, we can distinguish two kinds of mobility cases for topology adaptation: intra-CU (donor gNB does not change) and inter-CU (donor gNB changes).
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Figure 1. Intra-CU handover vs. inter-CU handover.

Considering the IAB MT in some sense emulates a normal UE, traditional handover procedures (handover command via RRC reconfiguration) can support both intra-CU and inter-CU cases. However, the IAB node not only accesses to its parent node, but it also provides connectivity to UEs and other IAB nodes. The intra-CU case is not difficult to support, as the contexts for all the served UE’s would be anchored by the same donor node. But things are different for inter-CU topology adaptation. If the donor (CU) is changed, this may impact many UEs and downstream nodes served by the IAB node. This will require the support of group handover-like behaviour and procedures, which is not within the scope of the current IAB study. 
Proposal 6 Since inter-CU topology adaption may involve UE group handover, the IAB SI should only consider intra-CU topology adaption to be within the current scope.

In an LTE/NR UE handover, in order to achieve lossless handover, a PDCP status report is triggered. Based on the PDCP status report, the source gNB will forward unsuccessfully transmitted packets to the target gNB. However, in the case of IAB intra-CU topology adaption, a PDCP status report will not be triggered at the UE. Furthermore, for the IAB node which is subject to the mobility procedure, its source parent node may not be able to determine the routing to the target parent node, for data forwarding. 
Observation 3 The UE PDCP status report cannot be triggered when an intermediate IAB node executes a handover for intra-CU topology adaptation.

Observation 4 During the intra-CU topology adaptation, the source parent node of the impacted IAB node may not be able to determine the routing to the target parent node, for data forwarding
Proposal 7 Some enhancements should be considered in IAB intra-CU topology adaptation to guarantee appropriate forwarding of UE data.

The basic handover procedure may have ~50ms control plane latency. In IAB, a handover’s impact on the user plane interruption may be larger due to multi-hop forwarding of signaling. How to achieve fast link switching with minimal interruption should be studied for IAB.

Proposal 8 Fast backhaul link switching mechanism should be studied in IAB.
3 Conclusion and Proposals
Based on the observation and previous discussion, we propose:

Proposal 9 For the initial access phase, the IAB node performs cell discovery, cell selection and initial access procedures as a normal UE.
Proposal 10 The donor node controls the topology updates. Using existing handover/redirection for topology update is baseline. Further enhancements are FFS. 

Proposal 11 The serving donor node configures redundant links for multiple connectivity after IAB initial access.
Proposal 12 When an IAB node experiences a RLF, the normal RRC reestablishment procedures should be reused.

Proposal 13 The IAB node’s (MT) stays in connected mode after initial access. The IAB node does not need to support RRC inactive state and corresponding procedures.

Proposal 14 Since inter-CU topology adaption may involve UE group handover, the IAB SI should only consider intra-CU topology adaption to be within the current scope.

Proposal 15 Some enhancements should be considered in IAB intra-CU topology adaptation to guarantee appropriate forwarding of UE data.

Proposal 16 Fast backhaul link switching mechanism should be studied in IAB.

Text Proposal
9.x
Topology Adaptation

The IAB topology adaptation should follow these principles:

-
For the initial access phase, the IAB node performs cell discovery, cell selection and initial access procedures as a normal UE.
-
The IAB node’s (MT) stays in connected mode after initial access. The IAB node does not need to support RRC inactive state and corresponding procedures.

-
The donor node controls the topology updates. Using existing handover/redirection for topology update is baseline. Further enhancements are FFS. 
-
The serving donor node configures redundant links for multiple connectivity after IAB initial access.
-
When an IAB node experiences a RLF, the normal RRC reestablishment procedures should be reused.

-
Since inter-CU topology adaption may involve UE group handover, the IAB SI should only consider intra-CU topology adaption to be within the current scope.

-
Fast backhaul link switching mechanism should be studied in IAB.
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