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Introduction

In the last RAN4#90bis meeting, there were some extensive discussion on the simulation assumptions for IAB coexistence study, however due to the limited discussion time, there were no agreements reached during the last meeting. Therefore in this contribution, we want to share more detailed considerations on these aspects to trigger the simulation for alignment purpose.
Discussion 
 Coexistence scenarios 

The IAB coexistence scenarios are summarized as following in the Table 2.1-1. Here we list all possible coexistence scenarios which is the superset of IAB SI evaluation study as summarized in the section 2.2. Therefore RAN4 should further discuss whether all coexistence scenarios should be evaluated or not.
Table 2.1-1. IAB coexistence scenarios
	Aggressor 
	Victim 
	Scenario 
	Note 

	IAB 
	NR
	Urban Macro
	Note 1

	IAB 
	NR 
	Dense Urban
	Note 1

	IAB 
	NR
	Indoor 
	Note 2

	IAB 
	NR
	Urban Micro 
	Note 3

	NR
	IAB 
	Urban Macro
	Note 1

	NR 
	IAB 
	Dense Urban
	Note 1

	NR
	IAB 
	Indoor 
	Note 2

	NR
	IAB 
	Urban Micro 
	Note 3

	IAB 
	IAB 
	Urban Macro
	Note 1

	IAB 
	IAB 
	Dense Urban
	Note 1

	IAB 
	IAB 
	Indoor 
	Note 2

	IAB 
	IAB 
	Urban Micro 
	Note 3

	Note 1: HetNet included in IAB SI

Note 2: Indoor scenario is not included in the IAB SI, whether indoor IAB should supported or not. 
Note 3. Urban Micro scenario is not included in the NR SI. 


Proposal 1: RAN4 should further discuss whether all coexistence scenarios in Table 2.1-1 should be evaluated or not.  
 Network layout  

The network layout for IAB SI are summarized as following in the Table 2.2-1. it could be noticed that only HetNet and homogeneous urban micro scenarios were considered in the RAN1 evaluation study. As mentioned before, lots of other coeixstence scenarios should be further discussed for IAB coexistence study. 
Table 2.2-1 network layout parameters for IAB coexistence study from TR38.874

	Parameters
	Heterogeneous scenario (dense urban)
	Homogeneous scenario (urban micro)

	Layout
	Two layer

Macro layer: Hex. Grid (all macro BSs are IAB-donors)

7 sites

Micro layer: Random drop (All micro BSs are all outdoor and are IAB-nodes)

- 1 micro BSs per macro BS

- 3 micro BSs per macro BS
	Single layer
Micro layer: Hex. Grid

19 sites

Number of IAB-donors (Ndonor)

1, 3 and 7

Number of IAB-nodes is

19 – Ndonor

	Inter-BS distance 
	Macro layer: 200m, 500m
	200m

	Min distance
	Distance
ISD 500m

ISD 200m

Minimum distance between Micro TRPs

40m

40m

Minimum distance between Macro TRP and UE

35m

10m

Minimum distance between Micro TRP and UE

10m

10m

Minimum distance between Micro TRPs and Macro TRP

40 m

20m

	N/A


In the following section, the HetNet and homogeneous layout are demonstrated in the Figure 2.2-1/2/3 where IAB-donors are with fiber connected and IAB nodes are without fiber connected. In other words, if there are no fiber connection for IAB node, backhaul link should be enabled for backhaul transmission. 
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Figure 2.2-1: HetNet with all Macro BSs are IAB-donors 
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Figure 2.2-2: Homogenous Urban Micro with three fiber connected IAB-donors
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Figure 2.2-3: Homogenous Urban Micro with seven fiber connected IAB-donors
Proposal 2 : RAN4 should further discuss the network layout other than HetNet and Urban Micro scenarios if needed. 
 Antenna array assumption 
2.3.1  IAB Antenna Structure:  

As IAB antenna structure is quite essential for system level simulation, here the following assumption is  captured from TR38.874. IAB-node is assumed to have 3 panels with 120 degree shift relative to each other as shown in Figure 2.3.1-1. Regarding the IAB orientation, two options are avaliable in the TR38.874 and as shown in Figure 2.3.1-2 and Figure 2.3.1-3. in addition, panel orientation is assumed fixed during the simulation run.
[image: image4.emf] 
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Fig.2.3.1-1 IAB node antenna structure

Option 1: The panel for IAB-node is oriented in a suitable direction after the topology formation (e.g. in the direction of the parent node)
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Figure 2.3.1-2 option 1 for IAB node orientation

Option 2: Random orientation (independent of topology)
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Figure 2.3.1-3 option 1 for IAB node orientation
Proposal 3: RAN4 should further discuss the IAB node orientation for coexistence simulation. 
2.3.2  IAB Antenna modelling

2.3.2.1 Urban macro scenario

Antenna pattern modelling for IAB node in Urban Macro scenario are summarized in the following Table 2.3.2.1-1. For 30GHz, antenna pattern are reused from TR38.803 mmWave NR coexistence study. Note for 45GHz, there are no Urban Macro scenarios proposed in the NR SI phase. For 4GHz, antenna pattern are based on the commonly used assumption for NR front-end filter discussion.
Table 2.3.2.1-1: BS antenna modelling for Urban macro scenario

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

For 4GHz : (1, 1, 8, 8, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:
An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.


2.3.2.2 Dense urban scenario

Antenna pattern modelling for IAB node in Dense Urban scenario are summarized in the following Table 2.3.2.2-1. For 30GHz and 45GHz, antenna pattern are reused from TR38.803 mmWave NR coexistence study. For 4GHz, antenna pattern are based on the commonly used assumption for NR front-end filter discussion. 
Table 2.3.2.2-1: BS antenna element pattern for Dense urban scenario
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

For 45GHz  (1, 1, 8, 16, 2)

For 4GHz (1, 1, 8, 8, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:
An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.


2.3.2.3 Indoor scenario

Antenna pattern modelling for IAB node in the indoor scenario are summarized in the following Table 2.3.2.3-1. For 30GHz and 45GHz, antenna pattern are reused from TR38.803 mmWave NR coexistence study. For 4GHz, antenna pattern are slightly modified compared with Urban Macro scenario.
Table 2.3.2.3-1: BS antenna element pattern for Indoor scenario
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 4, 8, 2)

For 45GHz: (1, 1, 8, 16, 2)

For 4GHz: (1, 1, 4, 8, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:
An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is perpendicular to the ceiling.


2.3.2.4 Urban Micro scenario

Antenna pattern modelling for IAB node in the Urban Micro scenario are summarized in the following Table 2.3.2.4-1. For 30GHz and 45GHz, antenna pattern are reused from TR38.803 mmWave NR coexistence study. For 4GHz, antenna pattern are based on the commonly used assumption for NR front-end filter discussion. 
Table 2.3.2.4-1: BS antenna element pattern for Indoor scenario
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 4, 8, 2)

For 45GHz: (1, 1, 8, 16, 2)

For 4GHz: (1, 1, 4, 8, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:
An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is perpendicular to the ceiling.


2.3.3 UE Antenna stucture

For FR2 UE, it’s assumed that UE have two panels back to back. For FR1 UE, it’s assumed that UE is implemented with Omni antenna. The specific antenna pattern parameters for FR2 UE is summarized in the following Table 2.3.3-1.
Table 2.3.3-1: UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) 
	For 30GHz and 45Hz: (1, 1, 2, 2, 2)

For 4GHz: omni antenna 

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	For FR2 :Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

For FR1: omni antenna assumed. 

	NOTE:
This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.


 Pathloss calculation 

The pathloss calculation for IAB->UE and IAB node-> candidate serving IAB nodes or parent IAB node are summarized in the Table 2.4-1. Here some issues needs to be highlighted is that pathloss between IAB nods and candidate serving IAB nodes, as propagation channel between IAB nodes will be optimized when IAB nodes are deployed. In other words, the operator will optimize the IAB deployment scenairos (e.g. increasing LOS probability). Even though the propagation channel between IAB nodes are NLOS, then operator could still optimize the shadow fading between IAB nodes. 

For example:
LOS：PLLOS (R)

LOS Probability between IAB nodes：[1-(1- Prob(R))^N ] 

Table 2.4-1: pathloss for IAB coexistence study
	Parameters
	Heterogeneous scenario (dense urban)
	Homogeneous scenario (urban micro)

	Large-scale channel parameters
	Below 6GHz from TR36.873:

- Macro-to-UE: 3D UMa

- Micro-to-UE: 3D UMi

- Macro-to-Micro: 3D UMa (hUE =10m)

- Micro-to-Micro: 3D UMi (hUE =10m)

- UE-to-UE: A.2.1.2 in TR36.843(***), penetration loss between UEs follows Table A.2.1-13 of TR38.802
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)

- UE-to-UE: UMi-Street canyon (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 of TR38.802

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.


	Below 6GHz:

- Micro-to-UE: 3D UMi

- Micro-to-Micro: 3D UMi (hUE =10m)

- UE-to-UE: A.2.1.2 in TR36.843(***), penetration loss between UEs follows Table A.2.1-13 of TR38.802
Above 6GHz:

- Micro-to-UE: UMi-Street canyon

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

- UE-to-UE: UMi-Street canyon (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 of TR38.802

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.




 Multi-hop Topology formation 
The topology formation is quite important for IAB or relay deployment and this is also the feature different from other RATs. In the following section as shown in Figure 2.5.1 and Figure 2.5.2, multi-hop routing method could be based on the maximum RSRP measured by the IAB nodes. 
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Figure 2.5.1. Multi-hop illustration between IAB nodes
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Figure 2.5.2. Multi-hop routing method based on maximum RSRP measurement

In the following section as shown in Figure 2.5.3 and Figure 2.5.4, single-hop routing method could be based on the maximum RSRP measured by the IAB nodes. However we don’t need to consider the RSRP between IAB nodes as there will be no relay IAB nodes between IAB nodes and IAB donors.
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Figure 2.5.3. Single-hop illustration between IAB nodes
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Figure 2.5.4. Single-hop routing method based on maximum RSRP measurement
As we know that in the multi-hop connection scenarios, timing synchronization between IAB nodes are maintained by backhaul link via SSB or reference signals, therefore timing alignment between IAB donor and IAB nodes in multi-hop scenarios should be worse than single-hop scenario. For FR1, as SCS are relatively larger, then timing estimation or synchronization performance should be worse compared with FR2, therefore RAN4 should consider whether only single-hop is allowed for FR1 IAB simulation. 

Proposal 4 : RAN4 should further discuss multi-hop and single-hop for FR1 and FR2 scenarios.

Proposal 5 : maximum RSRP based method should be used for Topology formation. 
 UE deployment   

The UE distribution parameters are summarized in the Table 2.6-1. In addition, for UE deployment in IAB scenarios, there are two following alternatives: 
Alt.1 (cluster based UE distribution): 2/3 UEs are randomly and uniformly dropped within the IAB node clusters and 1/3 UEs are randomly and uniformly dropped outside of the IAB node clusters.
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Figure 2.6.1.Alt.1 cluasted based UE distribution 
Alt. 2 (Uniform UE deployment): UEs are randomly dropped and uniformly within each sector; 
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Figure 2.6.2.Alt.2 Uniform UE distribution 

Proposal:  RAN4 should further discuss which Alt should be used for UE distribution. 
Table 2.6-1: UE distribution 
	Parameters
	Heterogeneous scenario (dense urban)
	Homogeneous scenario (urban micro)

	UE distribution
	[30, 60] users per macro sector. UEs are dropped independently with uniform distribution. The number of UEs is fixed for cases with and without IAB-nodes.

- 80% indoor (3km/h), 20% outdoor (30km/h)

Mix of O2I penetration loss models for higher carrier frequency

-
Option1

-
Low loss model – 80%

-
High-loss model – 20%

-
Option2

-
Low loss model – 50%

-
High-loss model – 50%
	10 users per sector. UEs are dropped independently with uniform distribution. The number of UEs is fixed for cases with and without IAB-nodes.

- 80% indoor (3km/h), 20% outdoor (30km/h)

Mix of O2I penetration loss models for higher carrier frequency

-
Option1

-
Low loss model – 80%

-
High-loss model – 20%

-
Option2

-
Low loss model – 50%

-
High-loss model – 50%

	Note 1:
See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.


 UE association  

Maximum RSRP is commonly used principle for UE association which means IAB node with maximum RSRP to UE will become the serving cell for this UE. Here load balance is not considered meaning maximum RSRP principle for UE association should be optimized as this will complicate simulation platform even though there are some risks of some backhual links congestion and E2E delay. 

Proposal 6: maximum RSRP is uesd for NR UE association. 

 Power control 

Similar as previous discussion during mmWave NR coexistence study, the power control formula in TR36.942 as shown in the equation (1) should be reused for IAB simulation. 
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                           (Equation 1)

Where Pmax is the maximum transmit power of NR UE, and Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level. For Pmax and Rmin value for NR UE is the same as the legacy LTE UE, therefore the key point is how to derive CLxile. The specific derivation steps are shown as following: 
Step1: calculate the noise power received by the NR BS.

 The noise floor at IAB side should be 

             N=-174dBm/Hz+10*log10(BW)+NF                    (Equation 2)

Where NF is the noise floor at the IAB, BW is the scheduled bandwidth for each NR UE or IAB MT. For 

.   

Step2: calculate the Po_pusch according to the SNR.

If the target SNR is assumed as 15dB for mmWave BS in the access link, then 
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Step 3: calculate the CLxile according to Po_pusch.
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Where 
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 is equal to 
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 in the above equation (4), therefore the equation (4) can be simplified as 
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For mmWave NR UE in the IAB scenarios, Pmax and target SNR for IAB receiver should be the same as legacy mmWave NR UE, therefore the following parameters should be reused for further simulation study.  
Proposal 7: for legacy NR UE, propose to use the following parameters for simulation. 
-
CLx-ile = 88 + 10*log10(200/X), where X is UL transmission BW (MHz)
-
γ = 1
For IAB MT in the IAB scenarios, Pmax and target SNR for IAB DU should be further investigated as there are possibilities with higher Pmax and target SNR to achieve better capacity in the backhaul link.   
Proposal 8: for IAB MT, to further discuss the target SNR, maximum output power and Rmin. 
 Shannon equation  
The following shannon equations approximate the throughput over a channel with a given SNIR, when using link adaptation:
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Where:


S(SNIR)   Shannon bound, S(SNIR) =log2(1+SNIR)  bps/Hz
(


Attenuation factor, representing implementation losses
SNIRMIN  
Minimum SNIR of the code set, dB
SNIRMAX  Maximum SNIR of the code set, dB
The parameters α, SNIRMIN and SNIRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in table 2.9-1 represent a baseline case, which assumes:

-
1:1 antenna configurations

-
AWGN channel model

-
Link Adaptation (see table 2.9-1 for details of the highest and lowest rate codes)

-
No HARQ

Table 2.9-1: Parameters describing baseline Link Level performance for 5G IAB
	Parameter 
	DL 
	UL 
	Notes 

	α, attenuation 
	0.6 
	0.4 
	Represents implementation losses 

	SNIRMIN, dB 
	-10 
	-10 
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL) 

	SNIRMAX, dB 
	30 
	22 
	Based on 256QAM 0.93(DL) & 64QAM 0.93 (UL) 


Proposal:  to use the legacy shannon equation and parameters used for mmWave NR coexistence study. 
2.10
Other simulation parameters
The other related simulation parameters are summarized in the following Table 2.10-1.
Table 2.10-1: System level evaluation assumptions for integrated access and backhaul

	Parameters
	Heterogeneous scenario (dense urban)
	Homogeneous scenario (urban micro)

	Carrier frequency 
	4 GHz and 30GHz 
	4 GHz and 30GHz

	Duplex mode
	TDD
	TDD

	Aggregated system 
bandwidth (access + backhaul)
	4GHz: Up to 100MHz (DL+UL) 
30GHz: Up to 400MHz (DL+UL)
	4GHz: Up to 100 MHz (DL+UL)
30GHz: Up to 400MHz (DL+UL)

	The number of Active user in DL
	1
	1

	The number of Active user in UL
	3
	3

	Simulation bandwidth
	Per CC BW is up to company (up to 400MHz for 30GHz and up to 100MHz for 4GHz)

	BS Tx power 
	Macro layer:

Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm

Above 6GHz: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm

Micro layer:

4 GHz: 33dBm for 20MHz system bandwidth

Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm.

EIRP should not exceed 73 dBm and 68 dBm for the macro and micro layers respectively(*)
	Below 6GHz: 33dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33dBm

Above 6GHz: 33dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33dBm

EIRP should not exceed 68 dBm (*)

	UE Tx power
	Below 6GHz: 23dBm

30GHz: 23dBm
EIRP should not exceed 43 dBm (Note1)

	BS antenna configurations
	See Table A.2.1-4 of TR38.802.

At least for the purpose of IAB evaluations, when the IAB-node has multiple panels, access and backhaul traffic can be sent on any panel, subject to the per IAB-node half duplex constraint.

	BS antenna height 
	25m for macro cells and 10m for micro cells
	10 m

	BS antenna element gain + connector loss
	See Table A.2.1-4 of TR38.802

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 

30GHz: 10dB

45GHz: 12dB

	UE antenna configuration
	See Table A.2.1-4 of TR38.802.

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz:

30GHz: 10dB

45GHz: 12dB

	Note 1:
See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.


Conclusions
In this contribution, we shared more detailed considerations on simulation assumptions for IAB coexistence study to trigger the simulation for alignment purpose and proposals are made as following: 
Proposal 1: RAN4 should further discuss whether all coexistence scenarios in Table 2.1-1 should be evaluated or not.  
Proposal 2 : RAN4 should further discuss the network layout other than HetNet and Urban Micro scenarios if needed. 
Proposal 3: RAN4 should further discuss the IAB node orientation for coexistence simulation. 
Proposal 4 : RAN4 should further discuss multi-hop and single-hop for FR1 and FR2 scenarios.

Proposal 5 : maximum RSRP based method should be used for Topology formation. 
Proposal 6: maximum RSRP is uesd for NR UE association. 

Proposal 7: for legacy NR UE, propose to use the following parameters for simulation. 
-
CLx-ile = 88 + 10*log10(200/X), where X is UL transmission BW (MHz)
-
γ = 1
For IAB MT in the IAB scenarios, Pmax and target SNR for IAB DU should be further investigated as there are possibilities with higher Pmax and target SNR to achieve better capacity in the backhaul link.   
Proposal 8: for IAB MT, to further discuss the target SNR, maximum output power and Rmin. 

Proposal:  to use the legacy shannon equation and parameters used for mmWave NR coexistence study. 
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