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[bookmark: _Ref463014664]Introduction 
In RAN#82, a WID on Integrated Access and Backhaul for NR (IAB) was approved in [1]. Among the objectives of the work item, RAN4 is tasked to define RF and RRM requirements for both backhaul (BH) and access links of an IAB-node including requirements for co-existence (e.g. ACLR, ACS).
In this paper we give an overview of the IAB co-existence study that would be needed for the definition of co-existence RF requirements like ACLR and ACS.
IAB Overview
One of the potential technologies targeted to enable future cellular network deployment scenarios and applications is the support for wireless backhaul and relay links enabling flexible and very dense deployment of NR cells without the need for densifying the wired transport network proportionately.
The expected larger bandwidth available for NR compared to LTE (e.g. mmWave spectrum) along with the native deployment of massive MIMO or multi-beam systems in NR creates an opportunity to develop and deploy integrated access and backhaul links. This may allow easier deployment of a dense network of self-backhauled NR cells in a more integrated manner than in LTE by building upon many of the NR control and data channels/procedures defined for providing access to UEs. An example illustration of a network with such integrated access and backhaul links is shown in Figure 1, where relay nodes (IAB-nodes) can multiplex access and backhaul links in time, frequency, and/or space (e.g. beam-based operation):
[image: ]
Figure 1. Integrated access and backhaul links

In this contribution we discuss simulation methodology and assumptions for IAB adjacent channel co-existence analysis. The paper is structured as follows: in Section 3 we discuss simulation methodology while Section 4 is dedicated to defining simulation assumptions.
[bookmark: _Ref4774692]IAB Simulation Methodology
IAB WID [1] targets both FR1 and FR2 for IAB deployment. However, given the favourable isolation conditions in FR2 provided by large pathloss and directive beamforming, we believe it would make sense to prioritize FR2 frequency range work over FR1.
Proposal 1: Prioritize FR2 IAB adjacent channel co-existence simulations over FR1 frequency range.
Multiplexing scheme of access and backhaul links will be strongly dependent on the needs of the network. Several algorithms can be utilized to optimize resource allocation and, consequently, network performance. For this reason, it is hard to assume complete synchronization of backhauling/access periods among two operators that can result in being different even if their frame structure is fully synchronized in terms of duplex directions and timing. However, in order to simplify the simulation framework and simultaneously consider a worst-case scenario, we propose to simulate only the backhauling links in both operators’ networks. This way we end up with the highest possible interference levels perceived at gNB receivers either because jamming would come from other transmitting gNBs that usually have more available power than UEs and because transmission beams of interfering gNBs may directly point to the same elevation of receiving victim gNBs.
Proposal 2: Simulate only the backhauling links in both operators’ networks.
IAB network topology is expected to have a large impact on the interference perceived by the victim network. Indeed, in order for all IAB nodes of the network to have backhauling connection, they will have to wirelessly connect (through one or multiple hops) to the so-called donor gNB(s) equipped with optical fiber for backhauling. As in [3], different metrics can be considered for the creation of the network topology but for the purpose of RAN4 co-existence study we believe that RSRP based formation of network topology may be enough. As a result, the final IAB network will largely depend on channel conditions (large scale shadowing, LOS probability) among IAB nodes.
Proposal 3: Employ RSRP based formation of network topology.
Considering what was discussed so far, it is clear that the simulation methodology will likely change compared to the consolidated methodology for the access network co-existence analysis. For this reason, we propose RAN4 to agree on a common methodology as already done in [2].
We propose to re-use as much as possible the simulation steps in [2], adding the missing parts for network topology creation and scheduling of backhauling transmissions, keeping in mind the half-duplex constraint at IAB nodes. Our proposal for simulation methodology is as follows:
	Adopt following simulation steps:

1. Aggressor and victim network are generated.
· Drop gNBs corresponding to the simulated deployment model.
2. Choose  donor gNB randomly picked among all gNBs of the network
·  is defined in Table 1
3. Create network topology based on RSRP metric
· Children IAB nodes associate to parent IAB nodes based on coupling loss.
· Associations are made assuming a single element (no beamforming) at both children and parents IAB nodes.
4. Once network topology is formed, activate randomly N links subject to the following conditions:
· Each parent can only schedule one child at a time
· Half duplex constraint at IAB nodes: each IAB node can transmit/receive to/from only one other IAB node
5. BF weights are adjusted to point to the LOS direction between communicating gNBs. This is done for both victim and aggressor networks.
6. Throughput is computed in the victim systems without considering ACI as below:
· , where  is the inter-cell interference.
7. Throughput is computed considering ACI as below:
· , where  is the adjacent channel interference.
8. RF parameters are determined based on the degradation caused by ACI as below:
· .




Point 4 in the above algorithm does not define the value N of active backhauling links because it highly depends on the network topology and cannot be determined a-priori. To give an example, in a topology characterized by only one child per IAB node the number N will converge, for large number of IAB nodes, to half of all the backhaul links if full buffer at each IAB node is assumed. Differently, if IAB nodes end up handling multiple children the number N of active backhaul links will be lower than 50% of all backhaul links.
Proposal 4: RAN4 to agree on a common simulation methodology and adopt the simulation steps listed in this paper. 
[bookmark: _Ref4775362]Simulation assumptions
This section lists simulation assumptions for IAB adjacent channel co-existence simulations.
Network deployment scenario:
In [3] two deployment scenarios were considered:
· Heterogeneous scenario: Two layers: Macro layer in hexagonal grid where all macro base stations are IAB-donors and micro layer base stations where all micro base stations are IAB nodes.
· Homogeneous scenario: Single layer: Micro layer in hexagonal grid with 19 tri-sectorial sites
However, RAN4 may focus their co-existence IAB analysis on the homogeneous scenario as done for NR SI in [2].
Proposal 5: Focus adjacent channel co-existence IAB analysis on the single layer homogeneous scenario. Homogeneous scenario shall be baseline, but heterogeneous scenario analysis is not precluded.
Beamforming at IAB nodes for backhauling links:
For backhauling communications IAB nodes will use beamforming weights based on an ad-hoc codebook that will likely be different than the one used for the access network. However, in order to align simulation methodology with the one defined in [2], RAN4 may assume that IAB nodes are able to have infinite resolution beamforming that electrically steers the main beam to the LOS direction of the link. Further, we believe that a 16x8 antenna array in FR2 and an 8x8 antenna array in FR1 is a reasonable assumption for the antenna array size of IAB nodes.
[bookmark: _Ref521514866]Proposal 6: Assume infinite resolution beamforming at IAB nodes with 16x8 antenna array in FR2 and 8x8 antenna array in FR1
Large-scale channel parameters:
Re-use the assumptions agreed in [3] for the gNB-to-gNB pathloss model either for FR1 and FR2. The main change compared to the channel conditions in access network is that IAB nodes belong entirely to one operator that is expected to position them in a favorable way in terms of propagation conditions. Following this rationale, RAN1 also agreed the following:
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). The realization that results in the minimum pathloss between the IAB-node and the associated serving IAB-node/donor is selected
Proposal 7: RAN4 to re-use the assumptions agreed in TR 38.874 for the gNB-to-gNB pathloss model either for FR1 and FR2. 


Remaining simulation assumptions:
The remaining simulation assumptions are listed in Table 1.

[bookmark: _Ref4834829]Table 1. Simulation Assumptions
	Parameters
	Homogeneous scenario (urban micro)

	Layout
	Single layer
Micro layer: Hexagonal Grid
19 tri-sectorial sites

Number of IAB-donors ()
1, 3 and 7

Number of IAB-nodes is
19 – 

	Wrap-around
	Yes

	Inter-site distance (ISD)
	200m

	Topology formation
	Parent-node RSRP can be considered as input to the IAB-node parent-node selection.

	Carrier frequency 
	4 GHz (FR1) and 30GHz (FR2)

	Duplex mode
	TDD

	System 
bandwidth
	4GHz: 100 MHz
30GHz: 400MHz

	Large-scale channel parameters
	FR1:
- Micro-to-Micro: 3D UMi (hUE =10m)

FR2:
- Micro-to-Micro: UMi-Street canyon (hUE =10m)

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). The realization that results in the minimum pathloss between the IAB-node and the associated serving IAB-node/donor is selected.


	IAB node Tx power 
	FR1 & FR2: 33dBm 

	IAB node antenna configurations
	FR1:
8x8 Antenna Array
Vertical and Horizontal element spacing: 

FR2:
16x8 Antenna Array
Vertical and Horizontal element spacing: 



	IAB node antenna height 
	10 m

	IAB node antenna element gain
	3dBi (1.8dB loss)

	IAB node receiver noise figure
	10dB






Proposal 8: RAN4 to agree on the remaining simulation assumptions in Table 1.
Conclusions
In this contribution we presented our views on the simulation methodology and assumptions for the IAB adjacent channel co-existence study.
In summary, we made the following proposals:
Proposal 1: Prioritize FR2 IAB adjacent channel co-existence simulations over FR1 frequency range.
Proposal 2: Simulate only the backhauling links in both operators’ networks.
[bookmark: _GoBack]Proposal 3: Employ RSRP based formation of network topology.
Proposal 4: RAN4 to agree on a common simulation methodology and adopt the simulation steps listed in this paper. 
Proposal 5: Focus adjacent channel co-existence IAB analysis on the single layer homogeneous scenario. Homogeneous scenario shall be baseline, but heterogeneous scenario analysis is not precluded.
Proposal 6: Assume infinite resolution beamforming at IAB nodes with 16x8 antenna array in FR2 and 8x8 antenna array in FR1
Proposal 7: RAN4 to re-use the assumptions agreed in TR 38.874 for the gNB-to-gNB pathloss model either for FR1 and FR2. 
Proposal 8: RAN4 to agree on the remaining simulation assumptions in Table 1.
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