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1. [bookmark: _Ref462751722]Introduction
This contribution compares RSRP and RSRP plus load based spanning tree and provides simulation results for these scenarios. 

2. Overall Approach
During the last meeting, RAN1 agreed to the following:

Agreements:
The following factors can be considered as input to the IAB node parent-node selection, in addition to parent-node RSRP as measured by the IAB node
· Number of hops to between the candidate parent node to the donor node
· “Capacity” measures (downlink and uplink) of links on the path between the candidate parent node to the donor node
· e.g. min RSRP of a route, harmonic mean of RSRP, Shannon capacity of the link, IAB node capability
· Load (downlink and uplink) of the candidate parent node as well as nodes on the paths between the candidate parent node to the donor node
· Examples: Number of IAB nodes and access UEs served by a certain node
Agreements:
Add the following to the list of reported metrics for IAB evaluations:
· Distribution of minimum backhaul link RSRP of a given route between an IAB node and IAB donor 
· Distribution of number of child IAB nodes per IAB node and per IAB donor
· Distribution of number of access UEs per IAB donor
· Hop count distribution

In this contribution, we focus on following two topology creation algorithms and compare their performance, in terms of number of hops.

1. RSRP based spanning tree.
2. RSRP & load based spanning tree. 

The next few sections proceed in the following way. We first review RSRP based topology creation. We then review how load can be considered while generating the topology. We then discuss simulation scenario and show simulation results. After discussing how IAB node capability can influence the topology management discussion, we conclude the contribution by listing the proposals.
3. Review: RSRP based Topology Creation
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Figure 1: RSRP based Topology Creation

Figure 1 shows the RSRP based topology generation method. During each step of the process, the network looks at all links between the set of connected nodes and the unconnected nodes and then picks the link with the strongest RSRP. This process iterates until all nodes are connected.

RSRP based topology management only considers signal strength while adding an unconnected node to the set of connected nodes. It does not consider load, hop count and other metrics.
4. RSRP & Load based Topology Creation

As shown in the previous section, RSRP based topology creation does not consider load of the base stations. This may lead to large hop counts and poorer UE rates. We expect the scheme to perform better if load is considered as well while generating topology.

‘Load’ can be considered in many ways. We use ‘geometric mean rate’ as the optimization criteria to consider load during topology management. That means, instead of selecting the link with the strongest RSRP in each step of topology creation procedure, we select the link that maximizes the geometric mean of UEs that are associated with the set of connected nodes and the candidate unconnected node. 

The motivation to use ‘geometric mean’ to illustrate the influence of load is because: geometric mean based resource allocation is the proportional fair resource allocation [2] [3]. A ‘geometric mean rate maximization’ method considers the link gain of both ‘good’ UEs and ‘poor’ UEs; and tries to ‘balance’ the resource allocation among the UEs. 
 
Table 1 and 2 show our algorithms for RSRP & Load based topology creation. A detailed mathematical description of the geometric mean maximization problem in IAB networks can be found in our previous work [4].

Table 1: Geometric mean rate maximization optimization algorithms 

	Input:
· Base station (BS) and user equipment (UE) drops
· Fiber drops (anchor base stations)

	Output:
· RSRP and load based spanning tree topology in the network

	Step 0 (Initialization):
· Consider the anchor nodes (the base stations with fiber drops) to be the set of connected nodes
· Consider the remaining nodes to be the set of unconnected nodes
………………..
Step N:
· Find all edges between the set of currently connected nodes and the set of currently unconnected nodes
· For each edge, run the optimization problem of table 2
· Pick the edge that maximizes the geometric mean rate of UEs that are associated with already connected node set and the associated unconnected node
· Bring the associated unconnected node to the set of connected nodes

---- Iterate until all nodes are connected.




Table 2: Geometric mean rate maximization optimization algorithms 

	Input:
· Base station (BS) and user equipment (UE) drops
· Fiber drops (anchor base stations)
· Set of already connected nodes 
· Link capacity
· Candidate link between a connected node and an unconnected node
	Output:
· Achievable geometric mean rate of UEs that are associated with already connected node set and the unconnected node associated with the candidate link

	Optimization objective:
Maximize geometric mean rate of UEs that are associated with connected node set and the unconnected node associated with the candidate link 
Constraints:
· Capacity constraint per link
· Flow conservation per base station
· Half duplex constraint
· Time division multiplexing constraint




5. Simulation Scenario
We focus on nineteen cells with three IAB-donors (gNBs with fiber). Figure 2 and 3 shows this scenario. The details of the simulation assumptions can be found in the appendix. In this scenario, we investigate how RSRP based spanning tree and RSRP & load based spanning tree impact performance.
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Figure 2: Nineteen cells with three fiber drops



6. Simulation Results
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Figure 3: Backhaul hop count CDF of RSRP based spanning tree and RSRP & load based spanning tree 

Figure 3 compares the backhaul hop count CDF of RSRP based spanning tree and RSRP plus load based spanning tree. The backhaul hop count CDF of RSRP plus load based spanning tree is to the left of RSRP based spanning tree. 



This illustrates that RSRP and load based spanning tree reduces the number of backhaul hops, with respect to RSRP based spanning tree.

Observation 1: Consideration of load, while generating topology, reduces the number of backhaul hops in IAB networks.
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Figure 4: CDF of number of access UEs per IAB donor for RSRP based spanning tree and RSRP & load based spanning tree 

Figure 4 shows the CDF of the number of access UEs per IAB donor for RSRP based spanning tree and RSRP & load based spanning tree. Figure 4 suggests that access UEs are distributed in a more balanced manner across IAB donors for RSRP & load based spanning tree.
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Figure 5: CDF of standard deviation of # of access UEs per IAB donor for RSRP based spanning tree and RSRP & load based spanning tree 

Figure 5 confirms this suggestion. Figure 5 clearly shows that the standard deviation of access UE distribution per IAB donor is smaller for RSRP & load based spanning tree, compared to only RSRP based spanning tree.

Observation 2: Consideration of load, while generating topology, distributes access UEs more evenly among IAB donors.

Observation 3: Apart from RSRP, network should consider additional parameters, e.g. hop count, load, node capability, etc. to generate topology in IAB networks.


7. Conclusion

Observation 1: Consideration of load, while generating topology, reduces the number of backhaul hops in IAB networks.

Observation 2: Consideration of load, while generating topology, distributes access UEs more evenly among IAB donors.

Observation 3: Apart from RSRP, network should consider additional parameters, e.g. hop count, load, node capability, etc. to generate topology in IAB networks.

8. Appendix: Simulation Assumptions

Table 3: Channel Model and Simulation Assumptions

	Parameter
	Assumptions

	Layout
	Homogenous urban micro
Single layer: 19 micro sites
with wrap-around

	Number of IAB donors (Ndonor)
	3

	Number of IAB nodes
	19 – Ndonor

	Inter-BS distance 
	200 m

	Sectorization
	3 sectors

	Topology formation
	RSRP based, RSRP+load based

	Large-scale channel parameters
	- Micro-to-UE: UMi-Street canyon
- Micro-to-Micro: UMi-Street canyon (hUE =10m)

	BH link bonus
	The path loss for links between the IAB node and candidate serving IAB nodes/donors is determined based on N =3 independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading)

	Fast fading parameters
	- Micro-to-UE: UMi-Street canyon
- Micro to Micro: UMi-Street canyon O-to-O (hUE =10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

	UE distribution
	100% outdoor

	Number of RSRP realizations
	· 1 for access network 
· 5 for BH network









Table 4: Simulation Configuration

	Parameter
	Assumptions

	
	Access 
	Backhaul

	Carrier Frequency 
	30 GHz
	30 GHz

	Simulated BW
	400 MHz
	400 MHz

	Overhead
	35%
	35%

	Antenna element gain
	BS: 8 dBi
UE: 5dBi
	8 dBi

	BS antenna array
	{M, N, P} = {16, 8, 1}, horizontal polarization (slant angle = 90) 

	UE antenna array
	{M, N, P} = {2, 2, 1}, horizontal polarization, single panel 
	N/A

	BS TX power
	33 dBm

	UE TX power
	23 dBm
	N/A

	BS analog BF codebook
	L3: 33 beams, 3 rows on azimuth with 11 beams each (equally spaced DFT beams)
	L3: 33 beams, 3 rows on azimuth with 11 beams each (equally spaced DFT beams)

	UE analog BF codebook
	L3: 4 beams, 2 rows of 2 beams each
(equally spaced DFT beams)
	N/A

	Noise figure
	BS Rx: 7 dB
UE Rx: 13 dB
	gNB Rx: 7 dB

	Traffic Model
	Full buffer, DL only
	Aggregated access traffic

	UE speed
	3 km/hr, all UEs outdoor
	N/A

	MU-MIMO enabled
	No
	No

	Number of layers
	1
	1

	SNR to rate conversion
	MCS table
	MCS table
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Table 5: BS and UE codebooks used for access and backhaul
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