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1. Introduction
At the last meeting (RAN4#105 in Toulouse), we presented initial coexistence simulation results in [1]. The simulation was focused on a carrier configuration for Sub-Band Full Duplex (SBFD) where UL is multiplexed only in DL slots, and an SBFD operator would maintain the UL slots synchronized to those of a legacy operator. From the results it can be concluded that SBFD brings some new interesting interference situations related to simulation assumptions assumed to be relevant for SBFD that will require further discussions. It can also be concluded that the result very much depends on model and parameter assumptions. Therefore, it is vital to decide on realistic scenarios including relevant interference contributions to be able to draw correct conclusion related to coexistence between adjacent channel networks. 
RAN4 have decided to perform calibration campaign where results based on a special limited set of assumptions is used to align results among all participating parties. The goal of the calibration is to align simulators and the understanding of simulator assumptions among all participating parties before the regular simulation campaign starts. It can be noticed that different options for simulation assumptions will be used for the calibration phase and the final coexistence evaluation phase. For the calibration phase aspects related to BS self-interference and deployment scenario interference like 3-sector interference are not aligned to practical deployment scenarios and implementations as discussed further in a companion contribution on SBFD feasibility aspects in [4]. For the coexistence evaluation relevant values for self-interference isolation and site interference isolation should be established per deployment scenario.    
At the last meeting simulation assumptions including models and parameter values relevant for SBFD adjacent channel coexistence evaluation was discussed extensively. The outcome from the discussion is captured in a way-forward contribution in [2]. In addition, a companion contribution was created to summarize all details to simulation assumptions in [3]. It can be noticed that assumptions still have multiple options for many aspects for both models and parameter values. Also, some detailed information related to assumptions are incomplete or unclear. We are now at a point where all assumptions need to be organized and structured into a format that can be included in the SBFD technical report (TR 38.858) where the technical background information for SI is supposed to be captured. RAN4 need to work out a structure within the TR dedicated for coexistence evaluation assumptions and results.    
In this contribution we provide a consolidated overview of all relevant simulation assumption in a structured format. In conjunction some further aspects related to simulation assumption is presented with the intention to stimulate further discussion.
To progress the effort to calibrate simulators, initial calibration simulation results for FR1 are presented in this contribution. 
This is an updated version of R4-2302234.









2. Discussion
The adjacent channel coexistence evaluation relevant for SBFD captures multiple deployment scenarios for FR1 and FR2-1 as described in Table 2-1. The coexistence evaluation captures cases where TDD and SBFD is both victim and aggressor network. This to evaluate impact on legacy TDD networks if SBFD is introduced in a neighbouring channel, also to understand impact on SBFD network due to the legacy TDD network.     
Table 2-1: Defined scenarios for SBFD coexistence evaluation 
	FR
	Deployment scenario

	FR1
	Urban Macro -> Urban Macro

	FR1
	Urban Hotspot -> Urban Hotspot

	FR1
	Indoor -> Indoor

	FR2-1
	Urban Macro -> Urban Macro

	FR2-1
	Urban Hotspot -> Urban Hotspot

	FR2-1
	Urban Micro -> Urban Micro

	FR2-1
	Indoor -> Indoor



The Urban Hotspot uses the same assumption as Urban Macro, except that Urban Macro uses random dropping method for UE while Urban Hotspot uses cluster-based dropping method for UE. Hence, no parameters for FR1 Medium Range (Micro) BS are currently defined. 
The Urban Macro scenario is agreed as baseline scenario for the SBFD coexistence evaluation calibration purposes. 
It is worth to point out that aspects related to HetNet scenarios previously studied in e.g., TR 36.839 is currently not part of the SBFD coexistence evaluation study. 
In the following sections information related to simulation assumptions, further modelling aspects and calibration results. 

2.1 Simulation assumptions
From the outcome from last RAN4 meeting models and simulation parameters relevant for the coexistence evaluation are collected in multiple contributions [2, 3]. Both contributions in general hold similar information with some deviations. It can be noticed that descriptions of simulation assumptions are overlapping, occasionally contradicting, not complete and unstructured. 
For current simulation assumptions references to previous technical reports in 3GPP is frequently used. Sometimes it is fine to refer directly to the source of information, while for other cases additional information unique for SBFD is required to make modelling complete. For references to models without additions, it is preferrable to refer to the original source rather than to a chain of references (e.g., reference to TR 38.828, which refers to TR 38.803, which refer to TR 38.901.) to avoid confusion and mistakes to be captured in TR 38.858. In many cases it is preferrable to refer directly to TR 38.803 and in some cases to TR 38.901. (e.g., with relation to path loss models). For the case where additional information is required it is essential to capture the complete model including the original baseline and extension required for SBFD in TR 38.858. 
Observation: For model equations it is preferrable to refer directly to the original source of information avoiding a chain of references that may cause confusion.  
To be able to draw correct conclusions from the simulation results it is essential to capture all assumptions for models and parameters in TR 38.858. As a preparation and to collect relevant technical background information to be captured in the TR 38.858 information relevant for simulation assumptions have been restructured in the following. A set of tables have been created to capture different types of information within the following categories:
1. Network layout assumptions
2. Network traffic assumptions
3. BS RF characteristics assumptions
4. UE RF characteristics assumptions
Since the information is extensive, separate tables are required for FR1 and FR2-1 for network layout parameters (Table 2.1.1-1 and Table 2.1.1-2), network traffic assumptions (Table 2.1.2-1 and Table 2.1.2-2) and BS assumptions (Table 2.1.3-1 and Table 2.1.3-2). For the UE assumptions a common table for FR1 and FR2-1 will be used (Table 2.1.4-1). 
The technical background information is collected from several sources: 
1. For model equations the references to other technical reports in 3GPP (TR 38.803, TR 38.828, TR 38.901) have been harmonized.
2. Agreements in way-forward contribution from last meeting [2] are captured.
3. Technical background information in [2] is merged with information in [3].
4. Addition of missing information relevant for SBFD coexistence simulation (e.g., self-interference and 3-secor interference) is provided. 
It can also be noticed that some parameters values are still not determined (marked TBD) and other is preliminary (marked by []). 
To further stimulate the discussion proposals to complete the work to define models and parameters and align RAN1/RAN4 models and parameter assumptions are presented for approval.

2.1.1 Network layout
Parameters related to network layout is captured for FR1 in Table 2.1.1-1 and for FR2-1 in Table 2.1.1-2.
Table 2.1.1-1: FR1 network layout parameters 
	Parameter
	Urban Macro
	Indoor

	Layout
	Single layer with 19 hexagonal cells with wrap around.
	Total 12 BSs
(Operator A: 6 BSs & Operator B: 6 BSs)
120 x 50 m

	Inter-BS distance
	500 m
	20 m

	Grid shift
	0, 10, 100 %
For calibration use 100 %
	N/A

	Carrier frequency
	4 GHz
	4 GHz

	Path-loss model
	BS-to-UE: UMa see TR 38.803
BS-to-BS: UMa see TR 38.803
Option 1: Use model without extension
Option 2: Addition of LOS probability extension. If 2D distance between two BS are less than or equal to ISD, set the LOS probability to 0.75.
Use option 2 for calibration purpose.
UE-to-UE:  see TR 36.828. (UMi Model is not applicable when 2D distance is less than 10 m, instead free space model is applicable).
	As described in TR 38.803, subclause 5.2.2.1
BS-to-BS: InH-office
BS-to-UE: InH-office
UE-to-UE: InH-office

	BS self-interference isolation
	TBD dB (Define value based on feasibility study)
For calibration use isolation equal to interference 6 dB below receiver noise floor. 
	TBD dB (Define value based on feasibility study)
For calibration use isolation equal to interference 6 dB below receiver noise floor. 

	3-sector site interference isolation
	TBD dB (Define value based on feasibility study)
For calibration use isolation equal to interference 6 dB below receiver noise floor.
	N/A

	BS height
	25 m
	3 m

	UE height
	1.5 m
	1.5 m

	UE distribution
	Random dropping
Baseline: 20% indoor and 80% outdoor
Optional: 80% indoor and 20% outdoor
	Cluster-based dropping
100% indoor

	Minimum BS-UE (2D) distance
	35 m
TR 36.897
	0 m
TR 38.901

	Minimum UE-UE (2D) distance
	3 m

	1 m

	DL power control
	No
	No

	UL power control
	Yes
	Yes

	Handover margin
	3 dB
	3 dB

	BS mechanical down-tilt angle
	6 degrees
	90 degrees



In RAN1 the base line for network layout for the Urban Macro deployment scenario have been reduced from 19 to 7 sites to conserve simulation time and computer memory resources.  It would be reasonable for RAN4 to adopt the same network layout for RAN4 coexistence evaluation. 
Proposal 1: Align network layout for Urban Macro with assumptions in RAN1 (7 macro sites) to conserve complexity.
It can be noticed that details related to pathloss models refers to TR 38.803, TR 38.828 or TR 38.901. It would be better to refer to one common source and then add relevant model extensions required for SBFD operation in TR 38.858. 
Concerning the UE-UE path loss model for FR1, the assumption is to use the reference model in TR 36.828, which was developed at 2 GHz. This model is a combination of the Free Space Path Loss model (FSPL) at 2 GHz, for distances below 50 m, and the Xia model for distances above 50 m. The frequency component should be included, as the frequency operation of the study is 4 GHz. 
Proposal 2: For distances below 50 m the FSPL, including the frequency component, should be considered for UE-UE path loss (32.4 + 20 log f_MHz + 20 log R_km). For distances above 50 m, UMi could be used, or the Xia model, assuming it is valid for the 4 GHz band. 
For the calibration phase, parameters assumptions have been set to neglect vital interference contributions. For calibration purposes to compare simulation results from different simulators it is ok. But the simulation results cannot be used to draw any conclusion with respect to adjacent channel coexistence. 
For calibration, the base station self-interference isolation and 3-sector interference leakage is set to allow 1 dB degradation of reference sensitivity (equivalent to leakage noise 6 dB below the receiver noise floor) per each leakage contribution. This scenario is not relevant for a real deployment where leakage of self-interference and 3-sector site interference leakage will be present. 
The assumptions used for the calibration can be used to calculate the required isolation for self-interference and 3-sector interference leakage, to better understand the challenges related to implementation and site configuration aspects. 
As an example, the isolation is calculated for FR1 Urban macro network deployment, non-synchronized sectors. 
The self-interference isolation (TX antenna panel to RX antenna panel) can be expressed in dB as:
		(dB)
where Ptx is the total conducted transmitter power in dBm,  is equal to -174 dBm/Hz, Btx is the single sided transmitter sub-band bandwidth in Hz, F is the noise figure in dB and M is the noise margin below the noise floor in dB. Based on assumed parameter values the required self-interference isolation to achieve a sensitivity degradation of 1 dB would correspond to 102 dB total TX-to-RX isolation, which is a very large value considering feasibility aspects. 
The 3-sector site interference isolation (neighbouring TX panels to RX antenna panel) can be expressed in dB as:
			(dB)
where Btx is the adjacent sector carrier bandwidth in Hz. For the case of a 3-sector configuration with two neighbouring aggressors, the isolation required for 1 dB sensitivity degradation needs to account for two neighbouring aggressor sectors. Based on assumed parameter values the required 3-sector isolation to achieve a sensitivity degradation of 1 dB would correspond to 147 dB, which is an unrealistically large value considering typical 3-sector site conditions for Urban Macro deployments. 
It should be pointed out that the intermodulation distortions due to the receiver nonlinear characteristics will also add to the receiver noise as described in section 2.2.4. This means that the required isolation depends on the transmitter power and receiver characteristics is combination. Hence, the values for isolation cannot be applied arbitrary without considering other implantation aspects such as transmitter power capability, receiver performance, antenna isolation and additional interference mitigation schemes. 
Observation: It can be noticed that the assumptions for self-interference and site-interference is set to degrade the noise figure by 1 dB each. This assumption would in reality result in a sensitivity degradation of approximately 2 dB. In reality, a much larger degradation is expected for a 3-sector site deployment. 
The expression for isolation above should not be directly mapped to required antenna isolation. The expressions above give the transmitter to receiver isolation, which will be achieved as a combination of antenna isolation, digital/analog cancellation for a specific implementation. Also, the definition of isolation should be carefully considered. Isolation can be defined at different interfaces giving different results. For modelling it could be beneficial to consider panel-to-subarray isolation. 
Observation: Before values of self-interference isolation and 3-sector site isolation are defined, their definition must be clear.
Further aspects related to relevant parameter definition, implementation feasibility and site aspects is presented in previous contribution [7] and in a companion contribution [4] with additional information. 
Table 2.1.1-2: FR2-1 network layout parameters 
	Parameter
	Urban Macro
	Urban Micro
	Indoor

	Layout
	Single layer with 19 hexagonal cells with wrap around.
	Fixed cluster circle within a macro cell. Number of micro BSs per macro cell is 3. Radius of UE dropping within a micro cell is < 28.9 m. Minimum distance between micro BSs in different operator is 10 m. Shadowing correlation is 0.5.
	Total 12 BSs
(Operator A: 6 BSs & Operator B: 6 BSs) 
120 x 50 m

	Inter-BS distance
	200 m
	10 m
Minimum distance between micro BSs in different operator
	20 m

	Grid shift
	0, 10, 100 %
For calibration use 100 %
	N/A
	N/A

	Carrier frequency
	30 GHz
	30 GHz
	30 GHz

	Path-loss model
	BS-to-UE: UMa see TR 38.803
BS-to-BS: UMa see TR 38.803
Option 1: Use model without extension
Option 2: Addition of LOS probability. If 2D distance between two BS are less than or equal to ISD, set the LOS probability to 0.75.
Use option 2 for calibration purpose.
UE-to-UE: UMi see TR 36.828, subclause 5.2.2.1. Model is not applicable when 2D distance is less than 10m, instead free space model is applicable.
Optional: TR 38.901 model
	As described in TR 38.803, subclause 5.2.2.1
BS-to-BS: UMi (h_UE=10 m)
BS-to-UE: UMi + penetration loss
UE-to-UE: UMi
(h_BS=1.5 m ~ 22.5 m)
+ penetration loss between UEs
Model is not applicable when 2D distance is less than 10 m, instead free space model is applicable.
Optional: TR 38.901 model
	As described in TR 38.803, subclause 5.2.2.1
BS-to-BS: InH-office
BS-to-UE: InH-office
UE-to-UE: InH-office
Optional: TR 38.901 model

	BS self-interference isolation
	TBD dB (Define value based on feasibility study)
For calibration use isolation equal to interference 6 dB below receiver noise floor. 
	TBD dB (Define value based on feasibility study)
For calibration use isolation equal to interference 6 dB below receiver noise floor. 
	TBD dB (Define value based on feasibility study)
For calibration use isolation equal to interference 6 dB below receiver noise floor. 

	Site interference isolation
	TBD dB
For calibration use isolation equal to interference 6 dB below receiver noise floor. 
	TBD dB
For calibration use isolation equal to interference 6 dB below receiver noise floor. 
	N/A

	BS height
	25 m
	10 m
	3 m

	UE height
	1.5 m ≦ hUT ≦ 22.5 m 
	1.5 m ≦ hUT ≦ 22.5 m 
	1.5 m

	UE distribution
	Indoor UE ratio:	 0%
Uniform UE distribution

	Indoor UE ratio:	 80 %
50% low loss, 50% high loss	
Uniform UE distribution 
	100% indoor

	Minimum BS-UE (2D) distance
	35 m
TR 36.897
	3 m
TR 36.897
	0 m
TR 38.901

	Minimum UE-UE (2D) distance
	3 m 
1 m when UEs are in cluster
	3 m
	1 m

	DL power control
	No
	No
	No

	UL power control
	Yes
	Yes
	Yes

	Handover margin
	3 dB
	3 dB
	3 dB

	BS mechanical down-tilt angle
	6 degrees
	10 degrees
	90 degrees



Further work is required to decide on relevant assumptions on base station self-interference isolation and site interference isolation for FR2-1.

Proposal 3: For FR1 and FR2-1 determine relevant values for self-interference isolation based on feasibility input. 

Proposal 4: For FR1 and FR2-1 deployment scenario Urban Macro and Urban Micro determine relevant values for 3-sector site leakage based on feasibility input. 





2.1.2 Network traffic
Parameters related to traffic load configuration for FR1 is captured in Table 2.1.2-1 and for FR2-1 in Table 2.1.2-2.
Table 2.1.2-1: FR1 network traffic parameters 
	Parameter
	Urban Macro
	Indoor

	Carrier bandwidth
	100 MHz
	100 MHz

	Scheduled channel bandwidth per UE (DL)
	For legacy TDD: 100 MHz
For SBFD {DUD}: 40 MHz + 40 MHz
For SBFD {DU}: 80 MHz
	For legacy TDD: 100 MHz
For SBFD {DUD}: 40 MHz + 40 MHz
For SBFD {DU}: 80 MHz

	Scheduled channel bandwidth per UE (UL)
	For legacy TDD: 100 MHz
For SBFD {DUD} and {DU}: 20MHz
	For legacy TDD: 100 MHz
For SBFD {DUD} and {DU}: 20 MHz

	SBFD BS PSD
	[bookmark: _Hlk126238662]Option 1: The PSD of SBFD is the same as TDD
Option 2: Total TX power per SBFD DL sub-band is the same as legacy TDD total power.
Use option 1 for calibration purpose.
	Option 1: The PSD of SBFD is the same as TDD
Option 2: Total TX power per SBFD DL sub-band is the same as legacy TDD total power. 
Use option 1 for calibration purpose.

	Traffic load
	Full buffer
	Full buffer



Table 2.1.2-2: FR2-1 network traffic parameters 
	Parameter
	Urban Macro
	Urban Micro
	Indoor

	Carrier bandwidth
	200 MHz
	200 MHz
	200 MHz

	Scheduled channel bandwidth per UE (DL)
	For legacy TDD: 200 MHz
For SBFD {DUD}: 80 MHz + 80 MHz
For SBFD {DU}: 160 MHz

	For legacy TDD: 200 MHz
For SBFD {DUD}: 80MHz + 80MHz
For SBFD {DU}: 160 MHz

	For legacy TDD: 200 MHz
For SBFD {DUD}: 80 MHz + 80 MHz
For SBFD {DU}: 160 MHz


	Scheduled channel bandwidth per UE (UL)
	For legacy TDD: 200 MHz
For SBFD {DUD} and {DU}: 40 MHz

	For legacy TDD: 200 MHz
For SBFD {DUD} and {DU}: 40 MHz
	For legacy TDD: 200 MHz
For SBFD {DUD} and {DU}: 40 MHz

	SBFD BS PSD
	Option 1: The PSD of SBFD is the same as legacy TDD
Option 2: Total TX power per SBFD DL sub-band is the same as legacy TDD total power. 
Use option 1 for calibration purpose.
	Option 1: The PSD of SBFD is the same as legacy TDD
Option 2: Total TX power per SBFD DL sub-band is the same as legacy TDD total power. 
Use option 1 for calibration purpose.
	Option 1: The PSD of SBFD is the same as legacy TDD
Option 2: Total TX power per SBFD DL sub-band is the same as legacy TDD total power.
Use option 1 for calibration purpose.

	Traffic load
	Full buffer
	Full buffer
	Full buffer



Observe that for FR2-1, channel bandwidths currently not supported by TS 38.101-2 and TS 38.104 is considered for simulation purposes. 
Currently two options related to how to handle BS RB power allocation during SBFD operation have been defined as:
· Option 1: The PSD of SBFD transmitted power is the same as for legacy TDD at BS side. As an example, for FR1 Urban Macro SBFD antenna config 1, that would correspond to 26 dBm/MHz PSD and for SBFD antenna config 2 29 dBm/MHz PSD.

· Option 2: Total TX power per SBFD DL sub-band is the same as legacy TDD total power, i.e., the PSD of SBFD is higher than legacy TDD PSD.
For the performance evaluation in RAN1, Option 1 is used. It would be preferrable to align the assumption on power allocation with the assumptions used for the performance evaluation. This would reduce number of combinations to be considered for the coexistence evaluation. 
Proposal 5: For SBFD power allocation consider constant PSD for transmitted power, which is the same as for legacy TDD.







2.1.3 BS characteristics
Parameters related to BS characteristics relevant for different deployment scenarios are captured for FR1 in Table 2.1.3-1 and for FR2-1 in Table 2.1.3-2.
The SBFD system is defined for two different antenna configurations:
· SBFD config 1: Which corresponds to splitting the antenna in half and reducing the number element in the vertical domain by 2.
· SBFD config 2: Which corresponds to maintain antenna area for transmitter and receiver. As a consequence, the AAS base station length will increase by a factor 2. 
The array antenna model, for single element configuration, is described in TR 38.803, subclause 5.2.3, and the antenna model extension, required for modelling sub-array configurations, is described in TR 38.803, subclause 5.2.3.2.4.
Table 2.1.3-1: FR1 BS parameters 
	Parameter
	Urban Macro
	Indoor

	Transmitter power
(Total conducted power)
	TDD: 49 dBm
SBFD config 1: 46 dBm
SBFD config 2: 49 dBm
	TDD: [24] dBm
SBFD config 1: [21] dBm
SBFD config 2: [24] dBm

	Antenna configuration
	For TDD: (Mg,Ng,M,N,P)=(1,1,8,8,2) 
For SBFD config 1: (Mg,Ng,M,N,P)= (1,1,4,8,2) 
For SBFD config 2: (Mg,Ng,M,N,P)= (1,1,8,8,2) 
(dH,dV)=(0.5,0.8)λ, (q3dB,j3dB)=(65,65) o 
SLAv=25 dB, Am=25 dB, GE,max=5 dBi
Optional: Extended AAS model in TR 38.803, subclause 5.2.3.2.4.
	TDD: (Mg,Ng,M,N,P) =(1,1,4,4,2)
SBFD config 1: (Mg,Ng,M,N,P) =(1,1,2,4,2)
SBFD config 2: (Mg,Ng,M,N,P) =(1,1,4,4,2) 
(dH,dV)=(0.5,0.5)λ, (q3dB,j3dB)=(90,90) o
 SLAv=25 dB, Am=25 dB, GE,max=5 dBi

	Receiver noise figure
	5 dB
	13 dB

	ACLR
	45 dBc
	45 dBc

	ACS
	46 dBc
	46 dBc



It can be noticed that antenna parameters in RAN4 are not aligned with antenna parameters agreed in RAN1. In RAN1, antenna parameters considering sub-arrays have been adopted for Urban Macro. The RAN1 antenna parameters relevant for sub-array configuration do not reflect parameters adopted by RAN4 and ITU-R WP 5D. This means that we have in total three different antenna configuration assumed for Urban Macro. 
It can be noticed that the antenna parameter values for FR1 urban macro are selected without considering design aspects. With the given parameters, the antenna model will produce a significantly large gain error. Assuming 65-degrees symmetrical beamwidth and unsymmetrical element separation of (0.5, 0.8)l results in an array antenna that cannot be designed. The element peak gain of 5 dB would not correspond to given beamwidths. Considering design aspects and modelling accuracy it is better to consider (90, 65) degree beamwidths, element separation (0.5, 0.7)l and element peak gain of 6.4 dBi. These values have been captured in TR 38.921. 
Proposal 6: For FR1 urban macro use following parameter values: (90, 65) degree beamwidths, element separation (0.5, 0.7)l and element peak gain of 6.4 dBi.
It can be noticed that the total conducted power considered for Urban Macro FR1 BS is lower than typically used in deployed networks. Typically, the power used is around 53 dBm. 
Proposal 7: To better reflect real wide area base station implementations and align with RAN1 assumptions use 53 dBm output power instead of 49 dBm. 
Observation: The size of the BS antenna, the use of subarrays, and the definition of the antenna element gain, will set the peak and lobe gains, which will have impact on BS-to-BS interference. Therefore, relevant antenna parameters used in networks should be considered. 
Table 2.1.3-2: FR2-1 BS parameters 
	Parameter
	Urban Macro
	Urban Micro
	Indoor

	Transmitter power
(Total conducted power)
	TDD: [30] dBm
SBFD config 1: [27] dBm
SBFD config 2: [30] dBm
	TDD: [30] dBm
SBFD config 1: [27] dBm
SBFD config 2: [30] dBm
	 TDD: [TBD/24] dBm
SBFD config 1: [TBD/21] dBm
SBFD config 2: [TBD/24] dBm

	Antenna configuration
	TDD: (Mg,Ng,M,N,P)=(1,1,8,16,2) 
SBFD config 1: (Mg,Ng,M,N,P)=(1,1,4,16,2)
SBFD config 2: (Mg,Ng,M,N,P)=(1,1,8,16,2)
(dH,dV)=(0.5,0.5)λ
(q3dB, j3dB)=(65,65) o, SLAv=30 dB, Am=30 dB, GE,max=3 dBi
	 TDD: (Mg,Ng,M,N,P)=(1, 1, 8, 16, 2) 
SBFD config 1: (Mg,Ng,M,N,P)=(1,1,4,16,2)
SBFD config 2: (Mg,Ng,M,N,P)=(1,1,8,16,2)
(dH,dV)=(0.5,0.5)λ
(q3dB, j3dB)=(65,65) o, SLAv=30 dB, Am=30 dB, GE,max=3 dBi
	 TDD: (Mg,Ng,M,N,P)=(1,1,4,8,2) 
SBFD config 1: (Mg,Ng,M,N,P)=(1,1,2,8,2)
SBFD config 2: (Mg,Ng,M,N,P)=(1,1,4,8,2)
(dH,dV)=(0.5,0.5)λ
(q3dB, j3dB)=(90,90) o, SLAv=30 dB
Am=30 dB, GE,max=3 dBi

	Receiver noise figure
	10 dB
	10 dB
	10 dB

	ACLR
	28 dBc
	28 dBc
	28 dBc

	ACS
	24 dBc
	24 dBc
	24 dBc



In can be noticed that the BS ACS assumed for FR2-1 in TR 38.828 is set to 23.5 dB, while here 24 dB was assumed. 
It can be noticed that the antenna parameter values for FR2-1 are selected without considering design aspects. With the given parameters the antenna model will produce a significantly large gain error. Assuming 90-degree symmetrical beamwidths and 0.5l element separation corresponds to 5.5 dBi element peak gain, assuming 2 dB element loss. 
Proposal 8: For FR2-1 use following parameter values: (90, 90) degree beamwidths, element separation (0.5, 0.5)l and element peak gain of 5.5 dBi.
It can be noticed that the total conducted power considered for Urban Macro FR2-1 BS and Urban Micro FR2-1 BS is lower than typically used in deployed networks. Typically, the power used is around 40 dBm. Also, in RAN1 higher power (43 dBm) for Urban Micro is adopted. 
Proposal 9: For FR2-1, change base station output power to 43 dBm for Urban Macro. 

2.1.4 UE characteristics
Parameters relevant for modelling the UE characteristics are captured in Table 2.1.4-1.
[bookmark: _Hlk126651953]Table 2.1.4-1: UE parameters 
	Parameter
	FR1
	FR2-1

	Maximum transmitter power
	23 dBm
	22.4 dBm (EIRP)

	Minimum transmitter power
	-33 dBm see TS 38.101-1
	-40 dBm

	Antenna configuration
	0 dBi
	(Mg,Ng,M,N,P) = (1,1,2,2,2)
(dH,dV)=(0.5,0.5)λ
(q3dB, j3dB)=(90,90) o, SLAv=25 dB
Am=25 dB, GE,max=3 dBi

	Receiver noise figure
	9 dB
	10 dB

	ACLR
	30 dBc (ACLR1), 43 dBc (ACLR2)
	17 dBc

	ACS
	33 dBc
	23 dBc



It can be noticed that the FR1 UE ACLR is defined for ACLR region 1 and ACLR region 2. But for SBFD coexistence evaluation it is only ACLR region 1 that is of interest.
It can be noticed that the UE antenna parameter values for FR2-1 are selected without considering design aspects. With the given parameters the antenna model will produce a significantly large gain error. Assuming 90-degree symmetrical beamwidths and 0.5l element separation corresponds to 5.5 dBi element peak gain, assuming 2 dB element loss. 
Proposal 10: For FR2-1 UE use element peak gain equal to 5.5 dBi.
It seems that minimum transmitter power is used in previous simulations. But it is not clear if this parameter is needed by when coexistence is evaluated. For FR2-1, the minimum transmitter level of -40 dBm does not map towards value specified in TS 38.101-2. In the specification the minimum transmitter power is defined as -13 dBm EIRP. 




2.2 Further modelling aspects
In this section additional technical information on specific aspects related to modelling is presented. 

2.2.1 Network grid shift
For coexistence evaluation RAN4 typically consider 0% (coordinated networks) and 100% (uncoordinated networks) grid shift between the aggressor network and the victim network. These two extreme cases are visualised in Figure 2.2.1-1. 
[image: ]
Figure 2.2.1-1: Network layout with 0% (left) and 100% (right) grid shift
For the coexistence evaluation considering SBFD operation intermediate grid shift is also worth to consider. In reality 0% and 100% grid shift models extreme cases for which the BS-to-BS interference would be significantly different.
The separation in terms of network grid shift is defined as a percentage value with respect to the hexagonal grid offset. To capture different scenarios where operators have separate site grids with large separation to where operators are sharing site infrastructure the following configurations are relevant:
1. 0% grid shift corresponds to co-location of aggressor BS and victim BS at the same location. For this scenario the simulations will show the impact of activity in the other network on co-existence. For this scenario special considerations are required with respect to BS-to-BS pathloss. Models described in TR 38.803 cannot be used. Instead, BS-to-BS isolation of 30 dB could be used. This value has been used as background for all BS co-location requirements to allow operation of two networks in adjacent bands. In the CLI study captured in TR 38.828 this case was not seen relevant to consider. 

2. 10% grid shift represents a scenario where two networks are deployed in the same geographical area but not co-located at the same location and not optimized for maximum separation. A grid shift within a percentage value between 0 and 100 seems to be a very reasonable scenario for two networks deployed in the same geographical area. This scenario describes a situation in which the BSs are not co-located, but the operators cannot co-ordinate to the extent that their BSs are always at maximum distance from one another.

3. 100% would be relevant for the case where two networks using separate site infrastructure separated with maximum distance is considered. This case is also referred to as uncoordinated network deployments. This is a very specialized situation in which two operators manage to co-ordinate and place their BS sites at the maximum possible distance form one another. This is not a realistic scenario for SBFD evaluation where BS-to-BS interference is of great interest. For this scenario the impact of BS-to-BS interference will be minimized. 
We believe that 10% grid shift corresponds to realistic assumptions when a new SBFD network is deployed in a geographical area where a TDD network is already in service, and so should be prioritized compared to grid shift 100%. 
Proposal 11: For SBFD coexistence simulations consider 10% grid shift to capture a representative and realistic deployment scenario.
In Figure 2.2.1-2, the concept of grid shift is visualised for 10% grid shift between aggressor network (red) and victim network (green). 
[image: ]
Figure 2.2.1-2: Network layout with 10% grid shift
0% grid shift corresponds to 0 m offset along the offset axis and 100% grid shift correspond to  m offset along the offset axis, where d is the cell radius. Hence, the grid shift in percentage can be expressed as grid shift in m along offset axis as: 

where GF is the grid shift in %.

2.2.2 Guard band
For the coexistence evaluation initial calibration phase RAN4 have agreed to focus on DU configuration (80:20 MHz). No specific details on the required guard bands have been defined in RAN4 for DU configuration. In RAN1 details regarding DUD configuration and associated guard bands are defined.  
Since the approach of a frequency flat model has been adopted for ACLR and ACS, the only impact of the guard bands will be on the available Resource Blocks (RB) which will affect transmitted power. 
Observation: Definition of guard band allocation for coexistence evaluation is not essential. We encourage participating parties to provide additional information on specific configurations. 

2.2.3 Number of UEs
In current assumptions the number of UEs used for different configurations is not clear. In previous way-forward [6] the following statement can be found:
User numbers per transmission reception point should equal to the number of sub-bands, i.e., 2 UEs for {DU} sub-band config, 3 UEs for {DUD} config.
It would be more practical to define a setup where 1 UE for DL and 1 UE for UL is used regardless of SBFD slot allocation format.
Proposal 12: Regardless of SBFD slot UL/DL sub-bands configuration have 1 UE for DL and 1 UE for UL.

2.2.4 Receiver blocking model
Unlike previous coexistence scenarios considered in RAN4, SBFD adds complexities required to capture relevant Up-Link (UL) performance modelling. Previously, RAN4 always considered a fixed value for the base station receiver noise figure, while for SBFD RAN4 need to consider a variable noise figure to account for the input power level fluctuations expected in a SBFD scenario considering BS-to-BS interference, self-interference and site-interference. A blocking model was introduced and discussed in RAN1 (RAN1#111) in [5]. This model would include aspects not relevant to traditional coexistence scenarios, but highly relevant for SBFD scenarios. The model captures aspects related to the noise figure characteristics as function of input power level. The receiver noise figure increases when the input signal is increased, due to Automatic Gain Control (AGC) effects and increased intermodulation distortion. Modelling exact performance of intermodulation and AGC response would be very complex. Instead, the noise figure can be modelled as a piece-wise linear noise figure profile. With relevant parameter values, realistic receiver performance can be modelled. 
A model for base station receiver blocking and non-linearities aspects is needed. The intention is to model the cascaded noise figure for the entire receiver as a function of RF input power including the effect of gain control as performed by the AGC algorithm and analogue gain compression and noise figure increase as a function of peak RF input level for all the relevant circuit blocks. At low peak input power levels, the noise figure is equal to existing noise figure requirements, e.g., 5 dB for wide area base stations, while after a first and a second threshold the noise figure increases linearly with slope of k1 and k2, respectively. 
In Figure 2.2.4-1, piece wise linear model of the noise figure response as function of input power level is visualized. 
[image: ]
Figure 2.2.4-1: Noise figure blocking profile model
In Table 2.2.4-1, model parameter values relevant for a SBFD implementation operating within FR1 is listed. 
Table 2.2.4-1: Model parameter values 
	Parameter
	Value

	Noise figure (F)
	5 dB

	Peak input power threshold 1 (P1)
	-57.9 dBm

	Peak input power threshold 2 (P2)
	-41.7 dBm

	Noise figure slope 1 (k1)
	0.4 dB/dBm

	Noise figure slope 2 (k2)
	3.0 dB/dBm



For SBFD we need to consider that all the signals that pass the base station receiver front-end analogue filter (whose bandwidth occupies the entire operating band), including self-interference, 3-sector interference, legacy (UL-to-UL interference) as well as desired signal UL transmissions from the UEs served in the cell. Such received RF input power is then passed to the Low Noise Amplifier (LNA) and then converted to a digital base band signal. For high peak RF input power, AGC functionality can be used by adjusting the gain in one or more RF blocks, which in turn causes the cascaded noise figure to increase as a function of the peak input power level. 
Proposal 13: For FR1 SBFD coexistence evaluation, include the receiver blocking model presented in Figure 2.2.4-1 with parameters presented in Table 2.2.4-1. 
A blocking model is also required for FR2-1. It would be reasonable to use the same model but with parameters adopted for FR2-1. Further work is required to derive relevant parameters for FR2-1.

2.2.5 BS-to-BS pathloss model
For the coexistence evaluation a pathloss model for BS-to-BS interference is required. It must be pointed out that the model in TR 38.803, TR 38.828 and TR 38.901 originally was developed to be used for the channel between a BS and a UE. 
For SBFD coexistence evaluation these models are considered for BS-to-BS propagation. The current status in RAN1 and RAN4 can be summarized as listed in Table 2.2.5-1. 
Table 2.2.5-1: BS-to-BS pathloss model status 
	WG
	Pathloss model
	Source

	RAN1
	



	TR 38.901

	RAN4
	



	TR 38.828 à TR 38.803



Observation: RAN1 and RAN4 are currently using different models for BS-to-UE and BS-to-BS pathloss. Even if the behaviour of the model is similar, to be able to conclude on the performance results and coexistence results, and for clarity of presentation in the TR, a common model should be used.
Proposal 14: For SBFD coexistence evaluation use pathloss model described in TR 38.901 for BS-to-UE and BS-to-BS propagation.
In addition, for SBFD coexistence evaluation, an addition to the model is adopted. The extension can be described as:
If the 2D distance between two Macro BSs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to 0.75. Otherwise, reuse BS-to-UE LOS probability equation.
Since pathloss model originally was developed for propagation between BS and UE with random orientation moving around to a static BS, it may be worth reconsidering the relevance for the case BS-to-BS propagation where the network layout is static. For SBFD a more relevant model for BS-to-BS path loss may be required. 
Proposal 15: Further consider a more relevant pathloss model for BS-to-BS propagation. 

2.2.6 RAN1/RAN4 modelling alignment
In the work consolidating model and parameter assumptions presented in section 2.1 it can be concluded that both models and parameter assumptions differ between RAN1 and RAN4. Since RAN1 and RAN4 are typically considering different aspects, it could be relevant to use different models and parameters settings is some cases. For SBFD SI it would be beneficial to use similar model and parameter assumptions to allow for complete conclusion with respect to performance and coexistence with adjacent networks. 
Currently, RAN1 and RAN4 assume different values for e.g., receiver noise figure. This misalignment may be ok, depending on what the result is intended for. It means that RAN1 can study performance based on real performance rather than minimum 3GPP performance specified in RAN4. But for assumptions of 1 dB receiver degradation due to self-interference and site-interference, 100% network grid shift, and the misalignment of noise figures is very unfortunate. 
Even though the noise figure is lower than what is assumed for minimum performance in RF core specifications in RAN4, intra system antenna isolation and inter site isolation is not related to the noise figure parameter. Hence, for degradation with respect to noise floor may not be a good approach to capture impact on leakage coming through the antenna. The main portion of isolation will be determined by electrical and mechanical design in conjunction.   
Observation: The justification for having different assumptions for models and parameters detailed description of models and parameters needs to be captured in the technical report TR 38.858. In case different assumptions are used, both RAN1 and RAN4 assumptions should be documented in TR 38.858.






2.3 Coexistence evaluation calibration
As part of the SBFD coexistence evaluation a calibration campaign has been initiated to compare simulation results from different participating parties to compare the result for a given set of simulation assumptions. The scope of the calibration campaign covers both legacy TDD and SBFD systems, while SBFD system has higher priority. 
The calibration metrics include coupling loss, UL UE power distribution, baseline SINR and SINR including Adjacent Carrier Interference (ACI). 
For the baseline SINR the following convention is defined:
· When SBFD network is evaluated as the victim, the baseline SINR is the SINR that only considers co-channel interference without any adjacent channel interference and when TDD network (legacy) is evaluated as victim, the baseline SINR is the SINR that considers adjacent channel interference from synchronized legacy TDD.

· When SBFD network is evaluated as victim, the SINR with ACI is the SINR that considers co-channel interference and adjacent channel interference from legacy TDD network and when legacy network is victim, the SINR with ACI is the SINR that considers adjacent channel interference from SBFD network.


2.3.1 Assumptions
For calibration the following limited set of parameter assumptions is considered:
· Urban macro 
· DU configuration
· 100% grid shift
· BS-to-BS pathloss model extended for SBFD operation
· Self-interference leakage is set to 6 dB below the receiver noise floor
· Site-interference leakage is set to 6 dB below the receiver noise floor
· The PSD of SBFD is the same as TDD
· 
These parameters will produce a result where interference for neighbouring BS is minimal, BS self-interference degradation is equal to 1 dB and 3-sector leakage interference degradation is equal to 1 dB. Considering a 3-sector network grid, these assumptions would not reflect a real situation. 
In addition, following assumptions with respect to transmission power and antennas were made:
· BS antenna configuration (Mg,Ng,M,N,P)=(1,1,8,8,2), with (dH,dV)=(0.5,0.8)λ, (q3dB, j3dB) =(65,65), SLAv=25 dB, Am=25 dB, GE,max=5 dBi
· UE antenna omnidirectional.BS transmission power 49 dBm
· UE transmission power 23 dBm
· UE adaptive bandwidth feature disabled.
· Small scale fading disabled.

2.3.2 Results
In Figure 2.3.2-1, 2.3.2-2, 2.3.2-3 and 2.3.2-4 we provide simulation results relevant for FR1. We have assumed a SBFD carrier with two possible configurations, one where every slot is configured with SBFD, XXXXX, where X represents an SBFD slot, and the other where the last slot is U, in order to avoid BS-to-BS interference against the legacy TDD. Those cases are captured in the calibration study which is then presented in section 2.3.3. The campaign assumes two networks running in parallel, N1 is an SBFD network, while N2 is a legacy Static TDD (STDD) network, DDDDU. Users are independently dropped in each network. The curves in Figure 2.3.2-1 depict the coupling loss, including the beamforming gain. Notice that, as mentioned above, users are independently dropped in the two networks, and this is why the two CDFs are not exactly identical. 

[image: ]
Figure 2.3.2-1: Coupling loss
The curves in Figure 2.3.2-2 depict the UE power. It can be observed that in SBFD the percentage of UEs which can transmit at maximum power is reduced compared to STDD.
[image: ]
Figure 2.3.2-2: UE power distribution
Figure 2.3.2-3 shows the DL SINR curves when ACI is considered and when not, for both SBFD configurations. Some case of UE-UE interference can be observed at the lowest percentile of some ACI curves. The SBFD configuration in this case does not make a significant different in the distributions, 



[image: ][image: ]
Figure 2.3.2-3: DL SINR, a) SBFD configuration XXXXX, b) SBFD configuration XXXXU
Figure 2.3.2-4 shows the UL SINR curves when ACI is considered and when not, for both SBFD configurations. It can be observed that the choice of SBFD configuration makes a big difference in the distribution of UL SINR of the victim STDD network. When XXXXX is considered, the UL of STDD is victim of BS-to-BS interference from the SBFD operator. When XXXXU is considered, BS-to-BS interference from the adjacent operator is avoided, and the STDD UL curves with and without ACI are almost overlapping. For the SBFD network it can be observed, in the two cases, an impact on the UL SINR curve, again due to the effect of the BS-to-BS interference from the adjacent STDD operator. When ACI is not considered, the UL SINR of SBFD network is anyway lower than that of STDD due to the impact of internal BS-to-BS interference. 
[image: ][image: ]
Figure 2.3.2-4: UL SINR, a) SBFD configuration XXXXX, b) SBFD configuration XXXXU








2.3.3 Calibration results 
In this section we present the calibration results in the agreed form. The aggressor and victim combinations are listed in the following Table 2.3.3-1.
Table 2.3.3-1: Coexistence scenarios
	[bookmark: _Hlk116595161]Victim
	Aggressor
	Figures
	Aggressor baseline
	Priority

	NR TDD DL
	SBFD (DUD)
	[image: ]
Case 1
	NR TDD DL
	High

	
	SBFD (DU)
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Case 2
	NR TDD DL
	High
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Case 3
	NR TDD DL
	Low

	NR TDD UL
	SBFD(DUD)
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Case 4
	NR TDD UL
	Low

	
	SBFD(DU)
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Case 5
	NR TDD UL
	Low
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Case 6
	NR TDD UL
	Low

	SBFD (DUD)
	NR TDD DL
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Case 1
	No system in adjacent channel
	High

	SBFD (DU)
	NR TDD DL
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Case 2
	
	High
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Case 3
	
	Low

	SBFD(DUD)
	NR TDD UL
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Case 4
	
	Low

	SBFD(DU)
	NR TDD UL
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Case 5
	
	Low

	
	
	[image: ]
Case 6
	
	Low

	Note 1: The above combination sets may be down-scaled if some sets are equivalent in SLS study perspective after agreed on other assumptions.
Note 2: For initial calibration phase, only focused on DU configuration with {80M, 20M} for FR1 and {160M, 40M} for FR2.



Among those we have down-selected the following, because equivalent to other cases in the SLS modelling.
Figure 2.3.3-2: Down-selected cases
	Victim
	Aggressor
	Case
	Baseline

	NR TDD DL
	SBFD (DU)
	Case 3: DU – D (Equivalent to Case 2 D – DU)
	NR TDD DL

	NR TDD UL
	SBFD (DU)
	Case 5: DU – U (Equivalent to Case 6 U – DU)
	NR TDD UL

	SBFD (DU)
	NR TDD DL
	Case 2: DU – D (Equivalent to Case 3 D – DU)
	No system in adjacent channel

	SBFD (DU)
	NR TDD UL
	Case 5: DU – U (Equivalent to Case 6 U – DU)
	No system in adjacent channel



Figures 2.3.3-1, Figures 2.3.3-2, Figures 2.3.3-3 and Figures 2.3.3-4 show the UL/DL SINR curves for the down-selected cases, for both baseline and ACI cases.

SBFD as a victim, NR TDD DL as aggressor
UL SINR 
[image: ]
Figure 2.3.3-1: UL SINR SBFD, with NR TDD DL as aggressor, baseline and ACI cases.

DL SINR 
[image: ]
Figure 2.3.3-2: DL SINR SBFD, with NR TDD DL as aggressor, baseline and ACI cases.


NR TDD DL as victim, SBFD as aggressor

[image: ]

Figure 2.3.3-3: DL SINR STDD, with SBFD as aggressor, baseline and ACI cases.


NR TDD UL as victim, SBFD as aggressor
[image: ]

Figure 2.3.3-4: UL SINR STDD, with SBFD as aggressor, baseline and ACI cases.

Coupling loss and UE TX power calibration curves are shown in section 2.3.2.

3. Conclusion
In this contribution we present a summary of assumptions relevant for the SBFD coexistence evaluation. The information is packaged in a new format to enhance readability. It can be noticed that many misalignments between RAN1 and RAN4 exist, some of them may be relevant while others seem to be strange. Also, we provide further description to model aspects such as network grid shift, receiver blocking model, etc.   
Related to simulation assumptions, the following proposals are presented for approval:
Proposal 1: Align network layout for Urban Macro with assumptions in RAN1 (7 macro sites) to conserve complexity.
Proposal 2: For distances below 50 m the FSPL, including the frequency component, should be considered (32.4 + 20 log f_MHz + 20 log R_km). For distances above 50 m, UMi could be used, or the Xia model, assuming it is valid for the 4 GHz band. 
Proposal 3: For FR1 and FR2-1 determine relevant values for self-interference isolation based on feasibility input. 
Proposal 4: For FR1 and FR2-1 deployment scenario Urban Macro and Urban Micro determine relevant values for 3-sector site leakage based on feasibility input. 
Proposal 5: For SBFD power allocation consider constant PSD for transmitted power that is the same as for legacy TDD.
Proposal 6: For FR1 Urban Macro use following parameter values: (90, 65) degree beamwidths, element separation (0.5, 0.7)l and element peak gain of 6.4 dBi.
Proposal 7: To better reflect real wide area base station implementations and align with RAN1 assumptions use 53 dBm output power instead of 49 dBm. 
Proposal 8: For FR2-1 use following parameter values: (90, 90) degree beamwidths, element separation (0.5, 0.5)l and element peak gain of 5.5 dBi.
Proposal 9: For FR2-1, change base station output power to 43 dBm for Urban Macro. 
Proposal 10: For FR2-1 UE use element peak gain equal to 5.5 dBi.
Proposal 11: For SBFD coexistence simulations consider 10% grid shift to capture a representative and realistic deployment scenario.
Proposal 12: Regardless of SBFD slot UL/DL subbands configuration have 1 UE for DL and 1 UE for UL.
Proposal 13: For FR1 SBFD coexistence evaluation, include the receiver blocking model presented in Figure 2.2.4-1 with parameters presented in Table 2.2.4-1. 
Proposal 14: For SBFD coexistence evaluation use pathloss model described in TR 38.901 for BS-to-UE and BS-to-BS propagation.
Proposal 15: Further consider a more relevant pathloss model for BS-to-BS propagation. 
Assumptions used for the calibration phase neglect some fundamental interference contributions relevant for evaluation coexistence between two adjacent networks. For the sake of comparing different simulator implementations the assumptions are sufficient. However, to evaluate SBFD coexistence aspects more work is needed to determine parameter values related to:
· Base station self-interference
· 3-sector site interference
· Use reasonable network grid shift or 10% 
· Include receiver blocking model using reasonable parameter values   
· Update antenna parameters to minimize gain error
· Further investigate relevance of current UE-to-UE path loss model and BS-to-BS path loss model
In the calibration we see that the carrier configuration for victim and aggressor needs further consideration. It can be observed that the choice of SBFD configuration makes a big difference in the distribution of UL SINR of the victim STDD network.
The complete set of simulation results including different carrier configurations are attached to the contribution archive file. 
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