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1   Introduction

In 3GPP TSG-RAN WG2 NR Ad hoc 1801, the following agreements have been made for IAB design

Agreements

1: IAB design shall support multiple backhaul hops


-
The architecture should not impose limits on the number of backhaul hops.


-
The study should consider scalability to hop-count an important KPI.


-
Single hop is considered a special case of multiple backhaul hops.

2: Topology adaptation for physically fixed relays is supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links

3: L2 and L3 relay architectures will be studied. Definitions of L2- and L3-relaying in the context of IAB is FFS

4: The IAB design should minimize the impact to core network specifications

5: The study should consider the impact to the core network signalling load as an important KPI

6: Strive to maximize reuse of Rel-15 NR specifications for the design of the backhaul link. Enhancement can also be considered.

In this paper, we discuss the IAB node startup procedure and some RAN2 procedures which can enable topology adaptation.

2   Discussion
2.1   IAB Start Up Procedure
LTE relay attach procedure is divided into two phases which are described as below:

Phase-1:
1) MT part of Relay Node initially attaches with any eNB in its coverage to attach to the EPC network and receive relevant O&M configuration required for relay setup 

2) O&M configuration includes list of donor eNBs where relay node can get backhaul connection, frequencies where relay node should search for the donor eNBs and PLMNs where relay node can attach
3) After receiving the O&M configuration, the relay node detaches from the network to connect with an eNB supporting relay backhaul connection
Phase-2:

1) MT part of the relay node initiates connection setup with an eNB supporting relay backhaul connection (this can be identified based on the list of DeNBs provided within O&M configuration)

2) During connection establishment relay node sends RN indication which is used by DeNB and MME to create appropriate connection with the network and establish backhaul connection
In LTE, the two phases of operation are mainly meant for UE side (i.e. UE procedures are different in 1st phase where it acts as normal UE and 2nd phase where it sends relay indication). The second phase is primarily required to perform reattach procedure with an MME capable of supporting LTE relay functionality. However, since IAB feature is expected to be transparent to 5G core network, we think that there is no need to perform detach and attach again with 5G core network (i.e. only single attach procedure is required in first phase). Hence, the entire procedure can potentially be part of only one phase of attach procedure, which are given below:

1) Initial cell camping phase and connection establishment
2) Core network registration
3) Reception of O&M configuration
4) Reselection to a cell supporting IAB functionality (if serving cell does not support IAB backhaul)
5) Reconfiguration into full IAB node

Observation 1 IAB startup procedure can be divided into following basic stages/phases: 1) Initial cell camping phase and connection establishment, 2)
Core network registration, 3) 
Reception of O&M configuration, 4) Reselection to a cell supporting IAB functionality, 5)
Reconfiguration into full IAB node
Donor Node Discovery

As stated before, the O&M configuration received by an LTE relay node includes list of donor eNBs cells ids where relay node can get backhaul connection, frequencies where relay node should search for the donor eNBs and PLMNs where relay node can attach. The MT part of LTE relay node determines whether it can initiate connection establishment with a cell if its cell id (broadcasted in system information) matches one of the cell ids included within the O&M configuration.

However, for the case of multiple hop network if IAB node is in coverage of a non-donor node (e.g. another IAB node) then MT part of IAB node may not be able determine whether it can establish connection with the non-donor node solely based on donor cell ids (donor node information may not be broadcasted within system information of IAB node). So, it needs to be studied how an IAB node determines whether it can perform connection establishment with another IAB node for backhaul connection. One possible option is that O&M configuration can include list of Donor gNB cell ids as well as IAB node cell ids, however, this would require frequent update of O&M configuration given that IAB connectivity information can vary dynamically.
Proposal 1: RAN2 to discuss how MT part of an IAB node determines whether it can initiate connection establishment with another IAB node 
2.2   Topology Adaptation

IAB topology adaptation can be performed by the network by normal idle/inactive mode procedures e.g. using redirection (i.e. first releasing the IAB node radio connection and allowing it to reselect a new cell) where dedicated cell specific offsets can be provided to distribute the load appropriately. However, this option requires release or handover of large number of UE already connected to the IAB node.
Proposal 2: Topology adaptation can be performed by the network by existing idle/inactive mode procedures 

Other possible way to perform topology adaptation is to use connected mode mobility. Connected mode mobility can use regular handover of IAB nodes from one parent node to another (while Donor gNB remains the same). Handover procedure can be beneficial to update the topology quickly and without the need to release all the UEs connected to the IAB node. 
However, supporting connected mode IAB handover also brings out some issues, for example, performing handover would imply change in number of hops, radio resource allocation which may impact users already connected to the IAB node (e.g. increase of number of hops would result in more latency), hence QoS of some of the connected UEs may not comply after topology adaptation. One other point of consideration is interaction between parent IAB node and DgNB for the case of Architecture Type-2 (where RRC entity is located within IAB node itself) because final handover command needs to be generated by the parent IAB itself with some coordination with DgNB.
	
	Supporting Topology Adaptation based on Idle Mode Procedures
	Supporting Connected Mode Handover for IAB Nodes

	Impact on Users Connected to IAB Node
	On topology change, all the users connected to the IAB node (whose parent node is being changed), are impacted (RRC connection release or handover)
	On topology change, users can potentially continue connection with the IAB node (whose parent node is being changed). 

	Standardization Impact
	Existing RAN2 procedures can be used with minimal/no changes
	Need to study changes required to support IAB handover procedure (e.g. maintaining F1 connection, inter-node coordination for Type-2 architecture, etc)


Proposal 3: RAN2 to discuss if connected mode handover is required for IAB topology adaptation
3   Conclusion
Following observations and proposals are made in this paper:
Observation 1
IAB start up procedure can be divided into following basic stages/phases: 
1) Initial cell camping phase and connection establishment, 
2)
Core network registration, 
3) 
Reception of O&M configuration, 
4) Reselection to a cell supporting IAB functionality, 
5)
Reconfiguration into full IAB node
Proposal 1:
RAN2 to discuss how MT part of an IAB node determines whether it can initiate connection establishment with another IAB node
Proposal 2:
Topology adaptation can be performed by the network by existing idle/inactive mode procedures
Proposal 3:
RAN2 to discuss if connected mode handover is required for IAB topology adaptation
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