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Introduction
The section on IAB Coexistence study in TR 38.809 is still uncompleted. This TP is to incorporate the legacy agreement on system layout and remaining simulation assumption in TR.
Furthermore, according to previous discussion, the sub-clause on simulation results is removed to Annex. 
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<Start of the TP>
[bookmark: _Toc43107522]6   Coexistence study 
[bookmark: _Toc43107523]6.1	System layout and scenario
<Text will be added>
6.1.1 Layout for co-existence study
For Layout 1 considered in IAB co-existence study the details are provided in Table 6.1.1-1 and figure 6.1.1-1 as below.
[image: ]
Figure 6.1.1-1: Layout 1
Table 6.1.1-1: Parameters for Layout 1
	Parameters
	Values and remarks

	Layout for nodes
	IAB network: Two layer
Macro layer: Hex. Grid (3 sector) (all macro BSs are IAB-donors)
19 sites  
Micro layer: 1 micro BSs per macro BS
1. Random drop (All micro BSs are all outdoor and are IAB-nodes)
2. Drop micro nodes in a circle with center at 40m and radius of 20m
Victim network
1. Macro layer: Hex grid 3 sector coordinated layout (0% grid shift) – Rel.15 legacy network
2. Same as aggressor
Orientation: Highest gain towards donor

	Inter-BS distance 
	Macro layer: 200m FR2, 500m FR1

	Minimum distance between Micro BS
	40m,50m, 60m

	Minimum distance between Macro BS and UE
	10m

	Minimum distance between Micro BS and UE
	10m



For Layout 2 considered in IAB co-existence study the details are provided in Table 6.1.1-2 and figure 6.1.1-2 as below. 
[image: cell_layout2]
Figure 6.1.1-2: Layout 2
Table 6.1.1-2: Parameters for Layout 2
	Parameters
	Values and remarks

	Layout for nodes
	IAB network: 
Micro layer: Hex tri-sectorial
Number of IAB-donors (Ndonor): 1
Number of IAB-nodes is 19 – Ndonor
Victim network
1. Micro layer: Hex tri-sectorial – grid shift derived from minimum distance (20meters and 40 meters)
2. same as aggressor
 IAB-node and Micro BS are assumed to have 3 panels with 120 degree shift relative to each other.

	Inter-BS distance 
	Micro layer: 200m



· Layout 1: All micro IAB nodes are IAB-MTs and study will investigate at least interference on UL to the macro gNB receivers. 
· Layout 2: IAB nodes transmitting BH in UL slots or DL slots
For Victim system
· Legacy Rel.15 NR (no IAB nodes) : All micro IAB nodes are IAB-MTs and study will investigate at least interference on UL to the macro gNB receivers
· Same layout as aggressor with IAB nodes deployed: study will investigate at least IAB-MTs DL reception

6.1.2 Scenarios for co-existence study
There are two scenarios considered in co-existence study as shown in table 6.1.2-1.
Table 6.1.2-1: IAB co-existence scenarios 
	Scenario
	Details

	Scenario 1
	In case of TDM operation the following mapping of IAB node transmission/reception to a TDD pattern (DL/UL/F resources) is assumed: 
· IAB DU transmission / IAB MT reception: DL time slots 
· IAB MT transmission / IAB DU reception: UL time slots

	Scenario 2 for Layout 2 Only 
	In case of TDM operation the following mapping of IAB node transmission/reception to a TDD pattern (DL/UL/F resources) is assumed: 
· IAB DU transmission / IAB MT reception: DL time slots
· IAB MT transmission / IAB DU reception: DL time slots



The following half duplex constraints will apply to all the IAB nodes of the network:
1. MT and DU operations (resource usage) are TDM-ed at each site
2. Each site is only Tx-ing or Rx-ing on different interfaces – Layout 2 and Scenario 2
3. DU is able to support multiple cells (and therefore multiple sectors) only if the cells are synchronized, i.e. different sectors of the same site cannot be simultaneously transmitting and receiving.
For IAB operation mode it is agreed as table 6.1.2-2, 6.1.2-3 and 6.1.2-4, with the same TDD pattern is assumed between two adjacent channel operators.
Table 6.1.2-2: Aggressor: IAB Network, Victim: NR Network
	Layout
	Scenario
	Aggressor system
	Victim system

	1
	1
	UL: (IAB-MT) -> (IAB-Donor)
	UL: UE -> gNB

	2
	1
	UL: (IAB-MT) & UE ->(IAB-DU/IAB-Donor)
	UL: UE -> gNB

	
	
	DL: (IAB-DU/IAB-Donor)->(IAB-MT) & UE
	DL: gNB->UE

	
	2
	DL: (IAB-MT) ->(IAB-DU/IAB-Donor)&
DL: (IAB-DU/IAB-Donor)->(IAB-MT & UE)
	DL: gNB->UE

	Assumption for all scenarios:
	1 MT and 3 DUs per site (1 DU per sector)



Table 6.1.2-3: Aggressor: NR Network, Victim: IAB Network
	Layout
	Scenario
	Aggressor system
	Victim system

	1
	1
	UL: UE -> gNB
	UL: (IAB-MT) -> (IAB-Donor)

	
	
	DL: gNB->UE
	DL: (IAB-Donor)->(IAB-MT)

	2
	1
	UL: UE -> gNB
	UL: (IAB-MT) & UE ->(IAB-DU/IAB-Donor)

	
	
	DL: gNB->UE
	DL: (IAB-DU/IAB-Donor)->(IAB-MT) & UE

	
	2
	DL: gNB->UE
	DL: (IAB-MT) ->(IAB-DU/IAB-Donor)  &
DL: (IAB-DU/IAB-Donor)->(IAB-MT & UE)

	Assumption for all scenarios:
	1 MT and 3 DUs per site (1 DU per sector)



Table 6.1.2-4: Aggressor: NR Network, Victim: IAB Network
	Layout
	Scenario
	Aggressor system
	Victim system

	1
	1
	UL: (IAB-MT) -> (IAB-Donor)
	UL: (IAB-MT) -> (IAB-Donor)

	2
	1
	UL: (IAB-MT) & UE ->(IAB-DU/IAB-Donor)
	UL: (IAB-MT) & UE ->(IAB-DU/IAB-Donor)

	
	
	DL: (IAB-DU/IAB-Donor)->(IAB-MT) & UE
	DL: (IAB-DU/IAB-Donor)->(IAB-MT) & UE

	
	2
	DL: (IAB-MT) ->(IAB-DU/IAB-Donor)&
DL: (IAB-DU/IAB-Donor)->(IAB-MT & UE)
	DL: (IAB-MT) ->(IAB-DU/IAB-Donor)&
DL: (IAB-DU/IAB-Donor)->(IAB-MT & UE)

	Assumption for all scenarios:
	1 MT and 3 DUs per site (1 DU per sector)



[bookmark: _Toc43107524]6.1.x3	Co-location
An IAB node is capable of transmitting in the DL (IAB-DU) or the UL (IAB-MT). When acting as an IAB-MT there are 2 possible co-location interference scenarios between the IAB-MT and a BS.
· Aggressor IAB-MT transmitting in UL, victim BS receiving in UL
· Aggressor BS transmitting in DL, victim IAB-MT receiving in DL
For co-location, the interference is given by:
			
Where:	
PACLR = Ptx_aggressor – ACLRaggressor – coupling 
PACS = Ptx_aggressor – ACSvictim – coupling 
A conservative estimate for the coupling between two co-located systems is; 30Db for FR1 and 45Db for FR2.
Note: this figure is used only for this analysis. It is not an agreed FR2 isolation figure.
For a micro BS scenario:
Table 6.1.x3-1: Co-location interference between BS and IAB-MT for FR1 and FR2
	 
	 
	IAB
	BS

	
	unit
	FR1
	FR2
	FR1
	FR2

	Ptx
	dBm
	30
	30
	33
	33

	ACLR
	Db 
	45 (Note1)
	28 (Note1)
	45
	28

	Sensitivity (FR2 approx. equivalent conducted sensitivity)
	dBm
	-96.5 (4.5MHz)
(Note2)
	approx. -85 (50MHz)
(Note2)
	-96.5 (4.5MHz)
	approx.  -85 (50MHz)

	ACS
	Db
	45
	24
	45
	24

	Coupling
	Db
	30
	45 (Note3)
	30
	45 (Note3)

	IAB to BS interference (UL)
	dBm
	 
	 
	-42.0
	-37.5

	BS to IAB interference (DL)
	dBm
	-41.9
	-34.5
	 
	 

	Note1: the ACLR figures used are BS values, it has not been agreed to use BS figure for IAB, however UE figures will result in worse interference.
Note 2: sensitivity values based on NF assumption in co-location simulation see sub-clause x.x.x
Note 3: coupling figures for FR2 are not formally agreed, assumption used only for this example



Note for FR2 there are no conducted requirements so the coupling and the sensitivity are estimated to a virtual conducted point for the purposes of comparison.
It can be seen that for both FR1 and FR2 significant additional isolation (50 to 60Db) is required if the systems are to be co-located.
The issue exists for both scenario 1 and scenario 2 (see sub-clause 6.1.y2) as it occurs in both the UL and the DL.

[bookmark: _Toc43107525]6.2	Simulation assumption 
Detailed structure of the subclause is TBD.
6.2.1 Propagation model
RAN4 study on IAB co-existence reuse the pathloss model between parent/donor IAB node DU and child IAB node MT agreed in RAN1 in TR 38.874.
The path loss for links between the IAB-node and candidate serving IAB-nodes/donors is determined based on N 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.
· N=3 intra-operator serving cell
· N=1 for all others

[bookmark: _Toc43107526]6.2.x2	Antenna configuration
[bookmark: _Toc43107527]6.2.x2.1	General
Since some parameters required by the array antenna model are not independent, arbitrary parameter values are not supported. If parameters are selected arbitrary the model will produce incorrect gain characteristics. 
We define arrays using the number of columns, rows, the separation between them as well as the definition of the element radiation pattern and its gain.
Clearly the element cannot be physically larger than the space between the elements. The element beam width parameters are directly related to the available unit area for the element. Also, the element gain is directly related to the element directivity via the selected beam widths. Therefore, parameters for GEmax, 3Db and 3Db cannot be selected arbitrary. 
The array spacing, the element gain and the element beam width must therefore all be aligned.
The element peak gain will be determined by the available physical area as:

, where A is the area available for a single element. The area can be expressed as:

Also, the maximum achieved peak element gain for given wide symmetrical beam with can be expressed as [3]:


[bookmark: _Toc43107528] 6.2.x2.2	FR1
The FR1 antenna is defined as:
Table 6.2.x2.2-1 FR1 IAB antenna model for macro scenario
	Parameter
	Values

	
Composite Array radiation pattern in Db 
	


the steering matrix components are given by




the weighting factor is given by






	Antenna element vertical radiation pattern (Db)
	 

	Antenna element horizontal radiation pattern (Db)
	 

	Combining method for 3D antenna element pattern (Db)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi

	Antenna loss /Efficiency
	1.8 Db

	BS antenna configuration
	 (Mg, Ng, M, N, P) = (1, 1, 8, 8, 1) 
Note 1,2

	(dv, dh)
	(0.8λ, 0.5λ)

	Mechanical down tilt
	10°

	Note 1: Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2: single polarization simulated under the assumption of polarization match.



The element spacing is and hence the maximum element size is 0.8λ, 0.5λ, this corresponds to an element gain or approx.:

The radiation pattern for the 0.8λ, 0.5λ element has a beam width of approx. 65° in elevation and 130° in azimuth.

[bookmark: _Toc43107529]6.2.x2.3 FR2
The FR2 BS antenna is defined as:
Table 6.2.x2.3-1. FR2 IAB antenna model for macro scenario
	Parameter
	Values

	
Composite Array radiation pattern in Db 
	


the steering matrix components are given by




the weighting factor is given by






	Antenna element vertical radiation pattern (Db)
	 

	Antenna element horizontal radiation pattern (Db)
	 

	Combining method for 3D antenna element pattern (Db)
	

	Maximum directional gain of an antenna element GE,max
	3 dBi (assuming 1.8Db loss)

	Antenna loss /Efficiency
	1.8 Db

	BS antenna configuration
	 (Mg, Ng, M, N, P) = (1, 1, 8, 16, 1) 
Note 1,2

	(dv, dh)
	(0.5λ, 0.5λ)

	Mechanical down tilt
	10°

	Note 1: Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2: single polarization simulated under the assumption of polarization match.



In this case the element spacing is and hence the maximum element size is 0.5λ, 0.5λ, this corresponds to an element gain or approx.:

The radiation pattern for the 0.5λ, 0.5λ element has a beam width of approx. 130° in elevation and 130° in azimuth.
The UE antenna is defined as:
Table 6.2.x2.3-2. FR2 UE antenna model
	Parameter
	Values

	
Composite Array radiation pattern in Db 
	


the steering matrix components are given by




the weighting factor is given by






	Antenna element vertical radiation pattern (Db)
	 

	Antenna element horizontal radiation pattern (Db)
	 

	Combining method for 3D antenna element pattern (Db)
	

	Maximum directional gain of an antenna element GE,max
	3 dBi (assuming 1.8Db loss)

	Antenna loss /Efficiency
	1.8 Db

	UE antenna configuration
	 (Mg, Ng, M, N, P) = (1, 1, 2, 2, 1) 

	(dv, dh)
	(0.5λ, 0.5λ)

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

	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.



The element definition is the same as that of the BS but the array is smaller.
By combining the element and array patterns this gives a composite gain of:
		

6.2.3 Other simulation assumption 
The remaining simulation assumptions such as link level assumption, system level assumption, and simulation methodology are captured in this sub-clause.
Table 6.2.3-1: Link level assumptions
	Parameter
	Details

	Target SNR
	IAB node-MT:
· SNR target: 22dB [upper limit of shannon curve]
· γ = 1
Legacy NR UE: 
· SNR target: 15 dB
· γ = 1

	Power control
	MT for UL transmissions: Yes 
DU for DL transmission: No

	Throughput mapping
	Map SINR into throughput with the shannon equation


Table 6.2.3-2: System level assumptions
	Parameter
	Details

	Duplex mode
	TDD

	Frequency range
	FR1: 4.9GHz – FR2: 30GHz

	Beamforming
	FR1: Yes – FR2: Yes

	Simulation bandwidth
	100MHz for FR1
200MHz for FR2

	Number of UEs in the network
	FR2: 1 active UE/sector
FR1: 3 active UEs/sector

	gNB Tx power 
	33 dBm for FR2 macro and micro 
46 dBm for FR1

	IAB node Tx power
	33 dBm for FR2, PC is TBD for Scenario 2 for MT link
38dBm for FR1 (medium range power limit)

	IAB MT min TX power
	-10dBm, 0dBm, 10dBm, 20dBm TRP

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

	IAB node antenna height 
	25m for macro cells and 10m for micro cells 

	gNB receiver noise figure
	10dB for FR2
5dB for FR1

	IAB node receiver noise figure
	10dB for FR2
5dB for FR1

	UE Tx power (dBm)
	FR2: 22.4dBm EIRP (13.4dBm conducted)
FR1: 23dBm (conducted)

	UE noise figure (dB) 
	10


Table 6.2.3-3: Simulation methodology 
	Parameter
	Details

	Layout 1
	Optimum orientation between parent and child

	Layout 2
	Antenna orientation based on planned macro layout

	Topology 
	based on RSRP (based on pathloss and element antenna gain)

	Activity factor
	Up to company 



[bookmark: _Toc43107530][bookmark: _GoBack]6.3	Simulation result 
<Text will be added>
Simulation result provided for IAB co-existence study is summarized in Annex <A>.
<Unchanged sections skipped >
[bookmark: _Toc22280643]Annex <A> (normative):
<Normative annex for a Technical Report>Co-existence simulation results
This section contains references to contributions submitted during Rel-16 IAB WI containing co-existence evaluation results for IAB mainly based on the simulation assumptions provided in Section 6. Details of the simulation parameters and observations can be found in the corresponding referenced contributions:
· R4-1908843	FR1 IAB co-existence study, CMCC
· R4-1908075	Co-existence simulation result for layout 1, Samsung
· R4-1908076	Co-existence simulation result for layout 2, Samsung
· R4-1908586	simulation results for FR1 IAB coexistence study, ZTE
· R4-1908587	simulation results for FR2 IAB coexistence study, ZTE
· R4-1908733	IAB simulation results for Layout 1 Huawei, HiSilicon
· R4-1908872	Simulation results for the homogeneous scenario in FR2, Qualcomm Incorporated
· R4-1908873	Simulation results for the heterogeneous scenario in FR2, Qualcomm Incorporated
· R4-1909272	Initial IAB-Node coexistence simulation results, Nokia, Nokia Shanghai Bell
· R4-1909389	coexistence simulation results for IAB network, Ericsson
· R4-1910838	FR1 IAB co-existence study, CMCC						  
· R4-1911332	Simulation results on the minimum Tx power of IAB MT and ACIR, Huawei, HiSilicon
· R4-1911394	Updated simulation result for layout 1, Samsung
· R4-1911395	Updated simulation result for layout 2, Samsung
· R4-1911638	IAB-Node coexistence and dynamic range requirements, Nokia, Nokia Shanghai Bell
· R4-1911639	IAB-Node coexistence simulation results, Nokia, Nokia Shanghai Bell
· R4-1911735	simulation results for FR1 IAB coexistence study, ZTE Corporation
· R4-1911736	simulation results for FR2 IAB coexistence study, ZTE Corporation
· R4-1912891	simulation results for FR2 IAB coexistence study, ZTE Corporation
· R4-1912008	Coexistence simulation results updates for FR2 - layout 1, Ericsson
· R4-1912009	Coexistence simulation results for FR1 - layout 1,  Ericsson
· R4-1912010	Coexistence simulation results for FR2 - layout 2,  Ericsson
· R4-1912011	Coexistence simulation results for FR1 - layout 2, Ericsson
· R4-1913334	Further simulation on IAB-MT ACLR and TX min power, Samsung
· R4-1914162	Simulation results for IAB in FR2, Huawei, HiSilicon
· R4-1914163	Simulation results for IAB in FR1, Huawei, HiSilicon
· R4-1914222	Min Tx power simulation results updates- layout 1, Ericcson
· R4-1914235	simulation results for FR2 IAB coexistence study, ZTE Corporation
· R4-1914236	simulation results for FR1 IAB coexistence study, ZTE Corporation
· R4-1914260	IAB-Node coexistence simulation results, Nokia, Nokia Shanghai Bell
· R4-2000972	simulation results for FR1 IAB coexistence study, ZTE Corporation
· R4-2000973	simulation results for FR2 IAB coexistence study, ZTE Corporation
· R4-2000977	In-band blocking for FR1 IAB MT, ZTE Corporation
· R4-2000978	In-band blocking for FR2 IAB MT, ZTE Corporation

<Text will be added>

<End of the TP>
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