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Introduction
As part of the IAB node integration procedure RAN3 has agreed (LS in R3-194787) that:
· IAB node sends an “IAB indication” in the RRC setup complete message (indicating that it is an IAB node). This is used by the IAB donor CU to identify an AMF/MME that supports IAB.
· The CU includes an explicit IAB indication in the INITIAL UE MESSAGE to the AMF/MME
· The IAB node and IAB donor broadcast an indication over the air indicating support of IAB (i.e., another IAB node’s MT can attach to it).
The contribution further explores the sequence of actions needed to establish the network. In particular, we focus on the need to minimize topology changes and handovers/reselections of UEs and IAB nodes immediately after the IAB network is setup.
Discussion
IAB networks are setup to improve capacity and coverage in a fairly planned manner. This implies that IAB nodes near a given IAB donor are all activated at roughly the same time. This is especially true for scenarios where IAB networks are used to provide additional capacity at events – e.g., at sporting events and concerts. 
IAB nodes follow the same procedures as UEs for attaching to the network. The overall procedure for IAB node integration is shown in Figure 1 below (from TS 38.401 [1]). In the first stage the IAB MT setup is performed. The MT of an IAB node, in its role as a regular UE, identifies a parent node (another IAB node or an IAB donor). The MT then performs random access and transmits an RRC connection setup request to the CU via the parent node. Following that, the backhaul RLC channel for carrying CP traffic to and from the IAB node is established. This is followed by a routing update phase which includes configuration of BAP routing identifiers and updating of routing tables of the IAB donor DU and all IAB nodes on the path to the IAB node. Following that, in the IAB DU setup phase, the DU functionality of the IAB node is configured (which consists of setting up of the F1-C connection between the IAB node and the IAB donor CU). Once this is completed, the IAB node can provide service to UEs.


[bookmark: _Ref19701795]Figure 1: Integration procedure for IAB node (TS 38.401)
IAB nodes can be integrated into the network (referred to as IAB node “activation” below) in different sequences within the same area. Even if all IAB nodes are to be activated at about the same time, the completion of the node integration phases will take different durations for different IAB nodes. There will be variations in the amount of time taken due to the number of hops and signal conditions. Given that UEs/MTs can attach to the IAB node upon completion of the IAB DU setup, the differences in the durations to complete the integration procedure at different IAB nodes can result in:
· IAB nodes selecting sub-optimal parents, and
· UEs selecting sub-optimal parents.
We analyze the extent of the sub-optimal parent selection in simulations described below. 
IAB node parent selection
First we study IAB node integration and resulting topology under different assumptions. One IAB donor with three sectors is considered. N IAB nodes are randomly dropped per sector (N = 3 and N = 5 are considered). To understand how the order in which IAB nodes are activated affects the topology, we compare the following two activation schemes:
· Randomly chosen sequencing: the IAB nodes are activated in a randomly chosen order, while ensuring that there are no cycles in the network.
· The IAB nodes are activated in an “Ideal” sequence
The ideal sequencing tries to ensure that IAB nodes are activated in the order of links with best RSRP. This results in each node attaching to a parent with the best RSRP thereby avoiding further topology changes immediately after the nodes are activated. Note that the ideal sequencing cannot be implemented in practice as the RSRP measurements made by the IAB nodes are not available to the network to make activation decisions. The “Ideal” sequencing procedure is implemented in simulations as described below:
· The set of potential parents P initially consists of the IAB donor only.
· While there are IAB nodes to be activated:
· From the set of un-activated IAB nodes, select the IAB node N with the strongest signal to a potential parent Pi in P, make Pi the parent node of N, and activate N
· Add N to P
Additional simulation assumptions are listed in the appendix (for example, donor and IAB node transmit powers, path-loss models, etc). Figure 2 shows the topology resulting from activating the nodes in one randomly chosen sequence in a random placement of IAB nodes with 3 IAB nodes per sector. The sequence of activation of IAB nodes is [2, 7, 3, 6, 9, 8, 4, 5, 1]. Figure 3 shows the topology for the same IAB node placement with the “Ideal” activation sequence. 
	[image: ]
[bookmark: _Ref19813542]Figure 2: Topology for one drop (LoS) with 3 IAB nodes per sector using node activation sequence: [2, 7, 3, 6, 9, 8, 4, 5, 1] 
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[bookmark: _Ref19814969]Figure 3: Topology for same drop as Figure 2 using “Ideal” sequence of node activation. 

	
	


Similarly, Figure 4 and Figure 5 show the resulting topology for 5 IAB nodes per sector with random placement with activation according to a chosen sequence and for the ideal activation sequence respectively. The sequence of activation of IAB nodes for the scenario in Figure 4 is [14, 5, 3, 10, 13, 9, 15, 2, 8, 11, 6, 1, 4, 12, 7].
	[image: ]
[bookmark: _Ref19894142][bookmark: _Ref19894125]Figure 4: Topology for one drop (LoS) with 5 IAB nodes per sector using node activation sequence: [14, 5, 3, 10, 13, 9, 15, 2, 8, 11, 6, 1, 4, 12, 7]
	[image: ]
[bookmark: _Ref20062809]Figure 5: Topology for same drop as Figure 4 using “Ideal” sequence of node activation.



The topologies of Figure 2 and Figure 4 are not efficient. The nodes are not attached to the best candidate parents resulting in sub-optimal performance (due to interference, low throughput, unnecessary latency etc). The network would need to change the topology shortly after the node integration procedure. 
In order to change the topology, the network needs to perform handovers of the IAB nodes. The changes to the topology can be quite large:
· To go from the topology in Figure 2 to the topology in Figure 3, 4 of the 9 IAB nodes (2, 4, 6, 9) have to change parents.
· To go from the topology in Figure 4 to the topology in Figure 5, 10 of the 15 IAB nodes (2, 4, 5, 7, 8, 9, 10, 13, 14, 15) have to change parents. 
The examples of Figures 2-5 assume that all links are strictly LoS. If the links can be NLoS, the resulting topology can be still more problematic. Figure 6 and Figure 7 show information about the number of links (referred to as “edges” of the graph representing the topology) in the network that are different for the topology resulting from random sequencing and the topology resulting from ideal sequencing.
The links are assumed to be LoS or NLoS (according to the path loss model in 38.300 – see appendix for details). This information is shown as a distribution. That is, for example, the probability of 6 links being different for the 3 IAB node per sector case (Figure 6) is more than ~0.23; the probability of 5 links being different is ~0.18. 
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[bookmark: _Ref20322692]Figure 6: Distribution of the number of links that are different between random sequencing of IAB node activation and Ideal sequencing of IAB node activation for 3 IAB nodes per sector
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[bookmark: _Ref20322704]Figure 7: Distribution of the number of links that are different between random sequencing of IAB node activation and Ideal sequencing of IAB node activation for 5 IAB nodes per sector


 
Overall Figure 6 and Figure 7 emphasize that the topology resulting from the random selection can be very different from the ideal sequencing.
Observation 1: The resulting topology after node integration is highly dependent on the chosen sequence for activation of IAB nodes. The resulting topology can be inefficient and the network may need to change the topology shortly after the node integration procedure.
Furthermore, in order to go from a topology such as the one in Figure 2 or Figure 4 to the corresponding one in Figure 3 or Figure 5, the network has to perform very specific sequences of handovers. Determining the sequence of handovers is non-trivial. For example, considering nodes 2, 4 and 5 in Figure 4 and Figure 5, the network has to first handover node 4 (along with any UEs attached) to the IAB donor; following that the network has to handover node 2 from node 5 to node 4; finally the network has to handover node 5 from the donor to node 2. These handovers are atypical. The handover of node 4 is to a node with worse radio conditions than its current parent (node 2). The handover of node 2 from 5 to 4 reverses the parent child relationship between node 4 and node 2. Managing the complexity of such sequences of handovers can be very challenging as the number of nodes and UEs increases.
Observation 2: To reorganize an inefficient topology towards a more efficient topology, the network needs to perform handovers in very specific sequences. Determining the sequences of such handovers is non-trivial and managing the complexity of such sequences of handovers can be challenging.  
Thus, to avoid having to perform large topology reorganization of the network upon the node integration procedure, it is beneficial to ensure that the parent selection process yields a reasonable topology. 
Observation 3: An initial topology that is efficient can significantly reduce the burden of topology reorganization and optimization for network operators. 
While the ideal sequencing described above cannot be implemented in practice, something close to it can be achieved by using RSRP thresholds for IAB node parent selection. The IAB donor and the activated IAB nodes broadcast an RSRP threshold and un-activated IAB nodes attach to the best candidate parent as long as the measured RSRP is above the threshold, and are integrated into the network. The threshold is successively reduced until all IAB nodes are activated. Such a mechanism can achieve results similar to the Ideal sequencing shown in Figure 3 and Figure 5 (with the result approaching the ideal sequencing as step size of the threshold reduction gets smaller).
Proposal 1: IAB node selects another IAB node or an IAB donor as a parent only if the RSRP of the IAB node or IAB donor exceeds a threshold (which is provided in system information). The threshold is successively decreased in steps to allow all IAB nodes to integrate into the network.
Furthermore, as can be seen from Figure 7, some IAB nodes can be connected to the IAB donor through too many hops. This can result in significant latency. In order to ensure acceptable latency, the number of hops to any access IAB node should be limited.
Proposal 2: Techniques to ensure that the number of hops to an access IAB node is limited should be considered.
UE parent selection
Next we study the UE parent selection using a Monte Carlo simulation. The simulation consists of 1 IAB donor and 9 IAB nodes that are randomly dropped. UEs are dropped randomly and are initially associated with the IAB donor. The IAB nodes are activated (representing the IAB DU setup phase completion) according to the “ideal” sequence described above. 
Once an IAB node is activated, UEs are able to attach to it. If the UE measures a better RSRP to the newly activated node than to the IAB donor, it switches its parent from the IAB donor to the newly activated IAB node (either through a cell reselection if the UE is in idle mode or through a network controlled handover if the UE is in connected mode). Figure 8 and Figure 9 show the distribution of the number of UEs attached to IAB nodes, with a total of 30 and 90 UEs respectively. Table 1 shows the mean and standard deviation of the number of UEs per IAB node and the number of UEs attached to the IAB donor. 
	[image: ]
[bookmark: _Ref20323121]Figure 8: Distribution of number of UEs per IAB node, with a total of 30 UEs
	[image: ]
[bookmark: _Ref20323132]Figure 9: Distribution of number of UEs per IAB node, with a total of 90 UEs


[bookmark: _Ref19866654]Table 1: Details of distribution of number of UEs (UEs allowed to select parents once IAB node is integrated)
	
	Number of UEs per IAB node
	Number of UEs attached to IAB donor

	Total number of UEs
	Mean
	Std. Deviation
	Mean
	Std. Deviation

	30
	1.88
	1.58
	13.08
	3.66

	90
	5.65
	3.61
	39.14
	7.82



Clearly the distribution of UEs is very uneven. Some of the uneven distribution of UEs is due to the difference in transmit powers of the IAB donor and the IAB nodes. However, the large proportion of IAB nodes with no UEs or a very small number of UEs indicates significant inefficiencies.
We compare the above results to a scheme where the UEs do not perform parent selection until all the IAB nodes are integrated into the network. Figure 10 and Figure 11 show the distribution of number of UEs per IAB node if the UEs perform parent selection only after all IAB nodes are activated. Table 2 shows the mean and standard deviation of the number of UEs per IAB node and the number of UEs attached to the IAB donor for the same.
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[bookmark: _Ref20323336]Figure 10: Distribution of number of UEs per IAB node with delayed parent selection (total of 30 UEs)
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[bookmark: _Ref20323349]Figure 11: Distribution of number of UEs per IAB node with delayed parent selection (total of 90 UEs)


[bookmark: _Ref19867223]Table 2: Details of distribution of number of UEs (UE parent selection delayed until all IAB nodes integrated)
	
	Number of UEs per IAB node
	Number of UEs attached to IAB donor

	Total number of UEs
	Mean
	Std. Deviation
	Mean
	Std. Deviation

	30
	2.29
	1.50
	9.37
	2.98

	90
	6.85
	2.93
	28.38
	5.41



It is clear from the above data that delaying the UE parent selection until all the IAB nodes are integrated can significantly improve the distribution of UEs and the utilization of IAB nodes. If the UEs are able to select parents as soon as any IAB node is integrated into the network, large numbers of handovers will be needed to achieve an efficient association of UEs to IAB nodes.
Observation 4: If UEs attach to IAB nodes before full IAB network setup, significant re-attachments of UEs to IAB nodes (via handovers) may be needed.
Observation 5: Delaying UE parent selection until all IAB nodes are integrated into the network can significantly improve the distribution of UEs across the network and reduce the need for handovers of UEs after the node integration procedure.
Based on the above, a mechanism to delay UE parent selection until all the IAB nodes are integrated is beneficial. This can be achieved by barring UEs from access at nodes that support IAB (IAB donor and IAB nodes) until all IAB nodes are integrated. Such barring would need to apply only to UEs and not to MTs of IAB nodes. It has already been agreed that IAB capable nodes (including IAB donors) explicitly indicate their support of IAB (this enables IAB nodes to attach to nodes that support IAB). Such a barring mechanism would only apply to UEs (and not to IAB node MTs). Thus IAB node MTs would continue to attach to the network while UE attachment to IAB nodes is delayed until all IAB nodes are integrated into the network. 
Proposal 3: UEs are barred from accessing IAB nodes until all IAB nodes are integrated into the network. IAB node MTs are not subject to such barring. Determination of when all IAB nodes are considered integrated into the network (i.e., when to remove the barring of UEs) is left to the network.
Conclusion
In this contribution we have studied the network topology and UE association that results from the initial network setup and IAB node integration procedure. Our simulation study shows that the resulting topology and UE association can be inefficient even for small networks and when there are only a few UEs. Performing topology adaptation after the initial network setup to correct the inefficiencies requires complex handover sequences and potentially large numbers of handovers. The following are our observations and proposals:
Observation 1: The resulting topology after node integration is highly dependent on the chosen sequence for activation of IAB nodes. The resulting topology can be inefficient and the network may need to change the topology shortly after the node integration procedure.
Observation 2: To reorganize an inefficient topology towards a more efficient topology, the network needs to perform handovers in very specific sequences. Determining the sequences of such handovers is non-trivial and managing the complexity of such sequences of handovers can be challenging.  
Observation 3: An initial topology that is efficient can significantly reduce the burden of topology reorganization and optimization for network operators. 
Proposal 1: IAB node selects another IAB node or an IAB donor as a parent only if the RSRP of the IAB node or IAB donor exceeds a threshold (which is provided in system information). The threshold is successively decreased in steps to allow all IAB nodes to integrate into the network.
Proposal 2: Techniques to ensure that the number of hops to an access IAB node is limited should be considered.
Observation 4: If UEs attach to IAB nodes before full IAB network setup, significant re-attachments of UEs to IAB nodes (via handovers) may be needed.
Observation 5: Delaying UE parent selection until all IAB nodes are integrated into the network can significantly improve the distribution of UEs across the network and reduce the need for handovers of UEs after the node integration procedure.
Proposal 3: UEs are barred from accessing IAB nodes until all IAB nodes are integrated into the network. IAB node MTs are not subject to such barring. Determination of when all IAB nodes are considered integrated into the network (i.e., when to remove the barring of UEs) is left to the network.
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Appendix

Table 3: Simulation Assumptions
	[bookmark: _GoBack]Parameter
	Value

	Layout
	Heterogeneous scenario, two layer: 
Macro layer: Hex. Grid, 1 site, 3 sectors
Micro layer: random drop, 3 micro BSs per macro sector

	Inter-BS distance
	500 m

	Min distance
		Minimum distance between Micro TRPs
	10m

	Minimum distance between Macro TRP and UE
	35m

	Minimum distance between Micro TRP and UE
	10m

	Minimum distance between Micro TRPs and Macro TRP
	40 m




	Large scale channel parameters	
	Above 6GHz:
- Macro-to-UE: 5GCM UMa
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa (hUE =25m)
- Macro-to-Micro: 5GCM UMa (hUE =10m)
- Micro-to-Micro: UMi-Street canyon (hUE =10m)
According to 3GPP TR 38.900 Table 7.4.1-1

	BS Tx power
	Macro layer: 40 dBm
Micro layer: 33 dBm

	# random drops
	500
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