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[bookmark: _Ref465963108]Introduction
In RAN#94e, the work item on MIAB (Integrated Access and Backhaul) for NR was approved in RP-222671. RAN4 is expected to study impacts on RF and RRM requirements as follows:

	· Conduct co-existence study to assess the impact of moving cells. Based on the study outcome, specify RF and RRM requirements and mechanisms for the mIAB-node to enable co-existence, if needed. 
· Specify RRM requirements for the mIAB-node to enable IAB-node mobility, if needed.


In RAN4#107, discussion and fine tuning of the coexistence framework of Rel-18 mIAB was carried out and a WF was agreed in [1]. In this paper we provide our preliminary results on the mobile IAB and NR coexistence analysis. 
Discussion 
Deployment scenarios
In Rel-16 IAB, the coexistence study conducted in RAN4 [3] was based on two network layouts, namely homogenous and heterogeneous. Error! Reference source not found. shows a pictorial representation of the homogeneous layout where the blue layout represents the legacy NR network, and the red layout represents the IAB network. Both layouts are characterized by a hexagonal deployment with antenna heights of 25m. Each IAB node is tri-sectorial and is connected to the donor node through a specific route (topology). 
[image: ]
Figure 1 Pictorial representation of the homogeneous layout (layout 2). 
The other network layout in Rel-16 IAB study is shown in Figure 2 where micro IAB child nodes are randomly dropped inside a circle at 40m distance in each cell. The green asterisks represent the IAB nodes while the black and red lines represent the NR BSs and IAB donor nodes, respectively. 
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[bookmark: _Ref131838982]Figure 2 Pictorial representation of the heterogeneous layout (layout 1)
For Rel-18 mIAB, as the IAB-node is assumed to be mounted in vehicles and serving UEs either inside (on-board) or outside the vehicle, mobility is introduced in the IAB network and the location of the IAB nodes cannot be fixed anymore. In Error! Reference source not found. a pictorial representation of layout 1 for mIAB is presented where the IAB nodes (1 IAB node per macro BS) are randomly dropped within each cell. Layout 1 presents a more realistic scenario for mIAB deployment where the IAB donors have a fixed location (e.g., light posts or top of small buildings) while the IAB nodes can exist randomly at a given snapshot in the network, whereas layout 2 presents a fixed location deployment which does not fit with Rel-18 mIAB use cases. As a result, we propose to focus the work in RAN4 for mIAB on layout 1 as a starting point and consider layout 2 with lower priority. 
Observation 1: Heterogeneous layout (layout 1) with randomly deployed IAB nodes within each cell is the realistic deployment scenario to be investigated by RAN4 in the Rel-18 mIAB coexistence study. 
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Figure 3 Pictorial representation of the heterogeneous layout (layout 1) for mIAB.
To further showcase the differences between layout 1 for Rel-16 IAB and Rel-18 mIAB, we show in Figure 4 the distribution of the 3D-distance between the IAB node and IAB donor for an FR2 UMa deployment with ISD = 200m. As expected, the distance distribution for the case where the IAB node is dropped randomly within each cell spans larger values compared to the static Rel-16 IAB deployment scenarios. 
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[bookmark: _Ref142469370]Figure 4 3D-distance distribution for Rel-16 and Rel-18 IAB nodes to their serving IAB donors
Co-existence parameters
The list of scenarios to be considered for the coexistence study has been agreed in [2]. The objective of the coexistence study within RAN4 is to observe what would be the impact of mobile IAB deployments on the legacy network (i.e., cases where NR is a victim and IAB is an aggressor) as well as the impact of legacy NR deployment on IAB operation (i.e., cases where IAB is a victim and NR is an aggressor). The list of considered simulation parameters is given in Table 1.
[bookmark: _Ref142469349]Table 1 Simulation parameters for mIAB coexistence
	Parameter
	Value

	Duplex mode
	TDD

	Frequency range
	FR1: 4.9GHz – FR2: 30GHz

	Inter-site disctance
	FR1: 500m – FR2: 200m

	Beamforming
	Enabled for FR1/ FR2

	Simulation bandwidth
	100MHz for FR1 – 200MHz for FR2

	Number of Ues in the network
	1 active UE/sector

	gNB Tx power 
	FR1: 46 dBm – FR2: 33 dBm

	Mobile IAB node Tx power
	FR1 & FR2: 33dBm/ 38dBm as baseline value

	Mobile IAB node antenna configurations
	FR1: (Mg,Ng,M,N,P)=(1,1,8,8,2),  dH,dV)=(0.5,0.0.5)λ, element gain: 5 dBi 
 
FR2: (Mg,Ng,M,N,P)=(1,1,8,16,2),  dH,dV)=(0.5,0.0.5)λ, element gain: 3 dBi

	 gNB antenna height 
	 25m for macro cells

	Mobile IAB node antenna height 
	4m

	Macro BS to mobile IAB minimum distance 
	 5m

	UL SNR target
	22dB

	 gNB receiver noise figure
	 FR1: 5dB – FR2: 10dB

	Mobile IAB node receiver noise figure
	 FR1: 5dB – FR2: 10dB



Simulation results
In this section we provide preliminary analysis on the adjacent channel specification for the IAB MT by considering the NR network as the victim network in case of UL operation and the IAB network as the victim network in case of DL operation. 
NR as a victim and IAB as aggressor
The list of scenarios to be considered as well as the impacted RF power when NR network is a victim and IAB is an aggressor is presented in Table 2. Note that cases #1 and #4 can be skipped as they consider legacy scenarios. 
[bookmark: _Ref142469994]Table 2 Coexistence scenarios for NR as a victim and IAB as aggressor
	Case #
	Baseline
	Aggressor
	Victim
	Impacted RF parameter

	1
	NR DL active: UE receiving.
No IAB operation
	IAB: access link inactive, backhaul link DL active: IAB donor transmitting
	NR DL: UE receiving
	IAB donor ACLR is the same with normal BS, this case could be skipped.

	2
	NR DL active: UE receiving.
No IAB operation
	IAB: access link active, backhaul link inactive : IAB-DU transmitting
	NR DL: UE receiving
	IAB-DU Tx power
IAB-DU ACLR

	3
	NR UL active: BS receiving.
No IAB operation
	IAB: access link inactive, backhaul link UL active: IAB-MT transmitting
	NR UL: BS receiving
	IAB-MT Tx power
IAB-MT ACLR

	4
	NR UL active: BS receiving.
No IAB operation
	IAB: access link active, backhaul link inactive: IAB donor receiving
	NR UL: BS receiving
	This is legacy scenario, could be skipped.



Case 2: NR DL (UE receiving) & IAB-DU transmitting
In Figure 5 the SINR and throughput distribution for the case with and without adjacent channel interference from IAB network is shown. Considering that the IAB-DU has the same ACLR as the gNB ACLR (i.e., 45 dB), degradation due to IAB operation in the adjacent channel is not excessive with mean throughput loss = 1.8% and 5% TP loss = 7%. With an enhanced ACIR=35 dB (compared to 32.7 legacy ACIR), the 5% TP loss becomes 5%. Nevertheless, we propose to use legacy gNB ACLR requirement of 45 dB for the IAB-DU ACLR. This can be motivated by the fact that in the agreed RAN4 coexistence, no assumptions are considered on additional losses due to bus shielding or lower IAB-DU Tx powers. 
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[bookmark: _Ref142473661]Figure 5 SINR and Throughput statistics for FR1 when NR DL is victim and IAB-DU is aggressor
Similar to FR1, Figure 5 presents the SINR and throughput distribution for FR2 considering that the IAB-DU has an ACLR of 28dB (i.e., ACIR~22dB @ UE ACS=23dB). As observed, the TP loss due to IAB operation in the adjacent channel is around 8% for the cell edge user. As a solution for this, an ACIR of 25dB will lead to TP loss for cell edge user=5%. However, as FR1, additional losses can be incorporated into the IAB link, so the interference from the IAB network towards the legacy NE Ues in reality will be lower.  
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Figure 6 SINR and Throughput statistics for FR2 when NR DL is victim and IAB-DU is aggressor
The experienced mean and cell edge TP losses are summarized in Table 3, where it can be observed that the legacy UE ACLR requirement for IAB-MT can be used (with some acceptable degradation above the 5% threshold).  

[bookmark: _Ref142504151]Table 3 NR DL throughput loss due to IAB operation
	NR Network UL throughput loss (%)

	Metric
	FR1
	FR2

	5%-TP loss
	7%
	8%

	Mean TP loss
	1.7%
	1.4%



Observation 2: Simulation results show that in the heterogeneous scenario for FR1 the impact of IAB-DU transmission in the adjacent channel to legacy NR network performance can be tolerated when considering 45dB ACLR for the IAB-DU. 
Proposal 1: RAN4 to agree on 45dB and 28dB ACLR for IAB-DU for FR1 and FR2, respectively. 
Case 3: NR UL (gNB receiving) & IAB-MT transmitting
In this section we present simulation results showing the impact of IAB MT UL interference to NR UL performance. In , we show the SINR and throughput distribution for FR1 and FR2, respectively, where the IAB-MT ACLR is set to 30dB and 17dB, respectively. It can be observed that the IAB-MT transmission in the adjacent channel has negligible impact on the NR UL for both FR1 and FR2. 
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Figure 7 SINR and Throughput statistics for FR1 when NR UL is victim and IAB-MT is aggressor
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Figure 8 SINR and Throughput statistics for FR2 when NR UL is victim and IAB-MT is aggressor
Observation 3: Simulation results show that in the heterogeneous scenario for FR1 and FR2 the impact of IAB-MT transmission in the adjacent channel to legacy NR network performance is negligible when considering legacy UE ACLR requirement for IAB-MT. 
The experienced mean and cell edge TP losses are summarized in Table 4, where it can be observed that the legacy UE ACLR requirement for IAB-MT are sufficient to meet the 5% TP loss degradation requirement. 
[bookmark: _Ref142477510]Table 4 NR UL throughput loss due to IAB operation
	NR Network UL throughput loss (%)

	Metric
	FR1
	FR2

	5%-TP loss
	0.4%
	0.35%

	Mean TP loss
	0.145%
	0.124%



Proposal 2: RAN4 to agree on 30dB and 17dB ACLR for IAB-MT for FR1 and FR2, respectively. 
IAB as a victim and NR as aggressor
The list of scenarios to be considered as well as the impacted RF power when IAB network is a victim and NR network is an aggressor is presented in Table 5.
[bookmark: _Ref142502713]Table 5 Coexistence scenarios for IAB as a victim and NR as aggressor
	Case #
	Baseline
	Aggressor
	Victim
	Impacted RF parameter

	5
	IAB: access link inactive, backhaul link DL active: IAB-MT receiving
No NR operation
	NR DL active: BS transmitting
	IAB backhaul link: IAB-MT receiving
	IAB-MT ACS

	6
	IAB: access link inactive, backhaul link UL active: IAB-Donor receiving
No NR operation
	NR UL active: UE transmitting
	IAB backhaul link: IAB-Donor receiving
	IAB donor ACS  is the same with normal BS, this case could be skipped.

	7
	IAB: access link UL active, backhaul link inactive: IAB-DU receiving
No NR operation 
	NR UL active: UE transmitting
	IAB access link : IAB-DU receiving
	IAB-DU ACS

	8
	IAB: access link DL active, backhaul link DL inactive: IAB-DU transmitting
No NR operation
	NR DL active: BS transmitting
 
	IAB access link: UE receiving
	UE and BS are legacy, this scenario can be skipped.



Case 5: IAB-MT receiving & NR gNB transmitting 
In this section we present simulation results showing the impact of  NR DL interference to IAB-MT reception performance. In Figure 9 and Figure 10, we show the SINR and throughput distribution for FR1 and FR2, respectively, where the IAB-MT ACS is set to 33dB and 23dB, respectively. It can be observed that the NR gNB transmission in the adjacent channel has negligible impact on the IAB-MT reception for both FR1 and FR2. 
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[bookmark: _Ref142478986]Figure 9 SINR and Throughput statistics for FR1 when IAB-MT is victim and NR gNB is aggressor
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[bookmark: _Ref142478989]Figure 10 SINR and Throughput statistics for FR2 when IAB-MT is victim and NR gNB is aggressor
Observation 4: Simulation results show that in the heterogeneous scenario for FR1 and FR2 the impact of NR gNB transmission in the adjacent channel to IAB-MT performance is negligible when considering legacy UE ACS requirement for IAB-MT. 
The experienced mean and cell edge TP losses are summarized in Table 6, where it can be observed that the legacy UE ACLR requirement for IAB-MT are sufficient to meet the 5% TP loss degradation requirement. 
[bookmark: _Ref142479015]Table 6 IAB DL throughput loss due to NR operation
	IAB-DL throughput loss (%)

	Metric
	FR1
	FR2

	5%-TP loss
	0.16%
	0.04%

	Mean TP loss
	0.8%
	0.5%



Proposal 3: RAN4 to agree on 33dB and 23dB ACS for IAB-MT for FR1 and FR2, respectively. 
Case 6: IAB-DU receiving & NR UE transmitting
In this section we present simulation results showing the impact of  NR UL interference to IAB-DU reception performance. In Figure 12 and Figure 13, we show the SINR and throughput distribution for FR1 and FR2, respectively, where the IAB-DU ACS is set to 46dB and 24dB, respectively. It can be observed that for FR1, the NR UE transmissions in the adjacent channel has an impact on the cell edge IAB-MT nodes (~14% TP loss). Although this is above the typical 5% threshold considered in RAN4, the pessimistic assumptions of the FR1 IAB parameters (e.g., antenna configuration and TRP) are a contributing factor to this degradation. This presents the corner case scenario where a cell edge NR UE might be physically very close to the transmitting IAB-MT (e.g., inside the bus). As a solution, higher ACIR values can be considered as shown in Figure 11, where we show the TP loss for legacy ACIR (i.e., 30 dB) as well as legacy ACIR + 5dB and +10dB. However, for FR2, that cell edge TP loss is well below the 5% threshold mark.
[image: ]
[bookmark: _Ref142503210]Figure 11 FR1 Throughput loss for different ACIR values when IAB-DU is receiving and NR UL is the aggressor
Observation 5: Simulation results show that in the heterogeneous scenario for FR1 the impact of NR UE transmission in the adjacent channel to IAB-MT performance is not negligible with the current simulation assumptions. More discussions on this case is required within RAN4. 
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[bookmark: _Ref142479500]Figure 12 SINR and Throughput statistics for FR1 when IAB-DU is victim and NR gNB is aggressor
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[bookmark: _Ref142479511]Figure 13 SINR and Throughput statistics for FR2 when IAB-DU is victim and NR gNB is aggressor
Observation 6: Simulation results show that in the heterogeneous scenario for FR2 the impact of NR UE transmission in the adjacent channel to IAB-MT performance is negligible when considering legacy UE ACS requirement for IAB-MT. 
The experienced mean and cell edge TP losses are summarized in Table 6, where it can be observed that the legacy UE ACLR requirement for IAB-MT are sufficient to meet the 5% TP loss degradation requirement. 
Table 7 IAB UL throughput loss due to NR operation
	IAB-UL throughput loss (%)

	Metric
	FR1
	FR2

	5%-TP loss
	14%
	3.7%

	Mean TP loss
	1.4%
	0.7%



Proposal 4: RAN4 to agree on 46dB and 24dB ACS for IAB-DU for FR1 and FR2, respectively. 
Conclusion
In this paper, we have shared our initial views on mIAB RAN4 co-existence aspects. Our observations and proposals can be summarized as follows: 
Observation 1: Heterogeneous layout (layout 1) with randomly deployed IAB nodes within each cell is the realistic deployment scenario to be investigated by RAN4 in the Rel-18 mIAB coexistence study. 
Observation 2: Simulation results show that in the heterogeneous scenario for FR1 the impact of IAB-DU transmission in the adjacent channel to legacy NR network performance can be tolerated when considering 45dB ACLR for the IAB-DU. 
Proposal 1: RAN4 to agree on 45dB and 28dB ACLR for IAB-DU for FR1 and FR2, respectively. 
Observation 3: Simulation results show that in the heterogeneous scenario for FR1 and FR2 the impact of IAB-MT transmission in the adjacent channel to legacy NR network performance is negligible when considering legacy UE ACLR requirement for IAB-MT. 
Proposal 2: RAN4 to agree on 30dB and 17dB ACLR for IAB-MT for FR1 and FR2, respectively. 
 Observation 4: Simulation results show that in the heterogeneous scenario for FR1 and FR2 the impact of NR gNB transmission in the adjacent channel to IAB-MT performance is negligible when considering legacy UE ACS requirement for IAB-MT. 
Proposal 3: RAN4 to agree on 33dB and 23dB ACS for IAB-MT for FR1 and FR2, respectively. 
Observation 5: Simulation results show that in the heterogeneous scenario for FR1 the impact of NR UE transmission in the adjacent channel to IAB-MT performance is not negligible with the current simulation assumptions. More discussions on this case is required within RAN4. 
Observation 6: Simulation results show that in the heterogeneous scenario for FR2 the impact of NR UE transmission in the adjacent channel to IAB-MT performance is negligible when considering legacy UE ACS requirement for IAB-MT.
Proposal 4: RAN4 to agree on 46dB and 24dB ACS for IAB-DU for FR1 and FR2, respectively. 
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