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Introduction
The SID on IMT parameters for 6.425-7.025GHz, 7.025-7.125GHz and 10.0-10.5GHz was approved at RAN #87e [1], in which RAN4 is tasked to study and evaluate following parameters:
· Transmitter and receiver characteristics for the NR UE.
· Transmitter and receiver characteristics for the NR BS.
Note: For 10000-10500MHz, TR 38.820 (7-24GHz SI) will be an input to this study. 

To fulfil such tasks, RAN4 needs to perform coexistence study to identify conditions of coexistence in adjacent channels, such as ACLR and ACS. In last meeting, RAN4 made some initial discussion and a WF [2] was approved.
Discussion
Coexistence Scenarios
Deployment scenarios for indoor hotspot, dense urban, and urban macro are discussed in last meeting. Indoor hotspot and dense urban can be down-prioritized for adjacent channel co-existence simulation on 6.425-7.125GHz and 10.0-10.5GHz.
Regarding to the carrier frequency, the carrier frequency candidates are 7GHz and 10GHz.
The simulation bandwidth can be set as 100 MHz per CC.
The duplex mode is TDD for both 7GHz and 10GHz. Aggressor and victim operators should be set as the same UL or DL configuration. RAN4 doesn’t need to consider cross link interference at this stage.
[bookmark: OLE_LINK9]Table 1 summarizes the proposed initial simulation scenarios for adjacent channel co-existence study on 6.425-7.125GHz and 10.0-10.5GHz.
[bookmark: OLE_LINK90]Proposal 1: It is proposed to focus on following scenario for adjacent channel co-existence study on 6.425-7.125GHz and 10.0-10.5GHz.
Table 2.1-1: Summary of initial simulation scenarios for 6.425-7.125GHz and 10.0-10.5GHz
	[bookmark: OLE_LINK14]Scenario No.
	Deployment Scenario
	Simulation frequency
	Aggressor 
	Victim
	Note

	1
	Urban macro
	7 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	

	2
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	

	3
	
	10 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	

	4
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	

	5
	Dense urban
	7 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	Down-prioritized

	6
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	Down-prioritized

	7
	
	10 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	Down-prioritized

	8
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	Down-prioritized

	9
	Indoor hotspot
	7 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	Down-prioritized

	10
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	Down-prioritized

	11
	
	10 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	Down-prioritized

	12
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	Down-prioritized



Simulation Assumptions 
Network layout model
[bookmark: OLE_LINK6][bookmark: OLE_LINK26]Network layout model are listed in table 2.2.1-1. For the ISD, we can reuse the FR1’s assumption 500m.
Table 2.2.1-1 Network layout model for 7GHz and 10GHz
	Scenarios
	Assumption

	Urban macro
	layout
	TR 38.803

	
	Multi-operators
	Coordinated and uncoordinated referring to TR 36.942

	
	ISD
	500m

	
	BS antenna height
	25m

	
	UE location
	in table 5.2.1.1-1 fromTR 38.803

	
	UE distribution (horizontal)
	Uniform

	
	Minimum BS - UE distance (2D)
	35m

	Dense Urban
	layout
	TR 38.803

	
	Multi-operators
	Coordinated

	
	Number of micro BSs per macro cell
	3 (3 cluster circles are in a macro cell. 1 cluster circle has 1 micro BS.)

	
	Radius of UE dropping within a micro cell
	< 72.17 m ( Value = ISD/3*sqrt(3)/2/2 )

	
	BS antenna height	
	10 m

	
	UE location
	in table 5.2.1.2-1 fromTR 38.803

	
	UE distribution (horizontal)
	Uniform

	
	Minimum BS - UE distance (2D)
	3m

	Indoor
	layout
	[bookmark: OLE_LINK25]TR 38.803

	
	Multi-operators
	Coordinated

	
	Inter-site distance
	20m

	
	BS antenna height
	3 m (ceiling)

	
	UE location
	in table 5.2.1.3-1 fromTR 38.803

	
	UE distribution (horizontal)
	Uniform

	
	Minimum BS - UE distance (2D)
	0m



[bookmark: OLE_LINK24]Propagation model
Propagation model are listed in table 2.2.2-1.
Table 2.2.2-1	Propagation model for 7GHz and 10GHz
	Propagation model
	Path Loss
	TR 38.803 with UMa LOS formula from TR 38.901

	
	LOS probability
	TR 38.803

	
	O-to-I penetration loss
	TR 38.803


Transmission power control model
For downlink scenario, no power control scheme is applied.
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied with following parameters.
-	CLx-ile = 88 + 10*log10(200/X), where X is UL transmission BW (MHz)
-	γ = 1
[bookmark: OLE_LINK27]Received power model
The Received power model in TR 38.803 can be reused.
ACLR and ACS modelling
The ACLR and ACS modelling in TR 38.803 can be reused.
Link level performance for 5G NR coexistence
The Link level performance for 5G NR coexistence in TR 38.803 can be reused.
The throughput of a modem with link adaptation can be approximated by an attenuated and truncated form of the Shannon bound. (The Shannon bound represents the maximum theoretical throughput than can be achieved over an AWGN channel for a given SNIR). The following equations approximate the throughput over a channel with a given SNIR, when using link adaptation:
	
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 2.2.6-1 represent a baseline case, which assumes:
-	1:1 antenna configurations
-	AWGN channel model
-	Link Adaptation (see table 2.2.6-1 for details of the highest and lowest rate codes)
-	No HARQ
Table 2.2.6-1: Parameters describing baseline Link Level performance for 5G NR
	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) 



Other simulation parameters
[bookmark: OLE_LINK64]Based on the TR 38.820, 7 dB NF is used for 10GHz as an example. 7GHz belongs to FR1, so 5dB NF is reasonable. If we assume that the micro BS and Macro BS have the same coverage capability. We can use this formula 20*log(2/3*ISD/(2*Radius)) = 20*log(333.3/144)=7.3dB. Thus, BS max TX power for micro is 36dBm = 43dBm-7.3dB.
Table 2.2.7-1: Other simulation parameters
	Parameters
	7GHz
	10GHz

	Channel bandwidth
	100MHz
	100MHz

	Scheduled channel bandwidth per UE (DL)
	100MHz
	100MHz

	Scheduled channel bandwidth per UE (UL)
	100MHz
	100MHz

	The number of active UE (DL)
	Same as the number of BS beam
	Same as the number of BS beam

	The number of active UE (UL)
	Same as the number of BS beam
	Same as the number of BS beam

	Traffic model
	Full buffer
	Full buffer

	DL power control
	NO
	NO

	UL power control
	YES
	YES

	BS max TX power in dBm (Urban Macro)
	43dBm
	43dBm

	[bookmark: OLE_LINK28]BS max TX power in dBm (Dense Urban)
	36dBm
	36dBm

	BS max TX power in dBm (Indoor)
	24dBm
	24dBm

	UE max TX power in dBm
	23dBm
	23dBm

	UE min TX power in dBm
	-33dBm
	-33dBm

	BS Noise figure in dB
	5dB
	7dB

	UE Noise figure in dB
	9dB
	9dB

	UE antenna
	Isotropic (0dBi)
	Isotropic (0dBi)

	Handover margin
	3dB
	3dB


Co-existence simulation methodology
Adopt following simulation steps.

1.	Aggressor and victim network are generated.
-	UEs are distributed randomly across the network.
2.	UE associations: UEs are associated to base station based on coupling loss.
-	Associations are made assuming a single element at both UE and BS.
3.	Once association is done, round robin scheduling is used. BF weights are adjusted to point to the LOS direction between BS-UE. This is done for both victim and aggressor networks.
4.	Throughput is computed in the victim systems without considering ACI as below:
-	, where  is the inter-cell interference.
5.	Throughput is computed considering ACI as below:
-	, where  is the adjacent channel interference.
6.	RF parameters are determined based on the degradation cause by ACI as below:
-	.
Text proposal
<TP for TR 38.9de>
4	Co-existence study
[bookmark: _Toc36804963][bookmark: _GoBack]4.1	Co-existence simulation scenarios
Table 4.1-1 summarizes the proposed initial simulation scenarios for 6.425-7.125GHz and 10.0-10.5GHz
Table 4.1-1: Summary of initial simulation scenarios for 6.425-7.125GHz and 10.0-10.5GHz
	Scenario No.
	Deployment Scenario
	Simulation frequency
	Aggressor 
	Victim
	Note

	1
	Urban macro
	7 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	

	2
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	

	3
	
	10 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	

	4
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	

	5
	Dense urban
	7 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	Down-prioritized

	6
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	Down-prioritized

	7
	
	10 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	Down-prioritized

	8
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	Down-prioritized

	9
	Indoor hotspot
	7 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	Down-prioritized

	10
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	Down-prioritized

	11
	
	10 GHz
	NR, 100MHz, DL
	NR, 100MHz, DL
	Down-prioritized

	12
	
	
	NR, 100MHz, UL
	NR, 100MHz, UL
	Down-prioritized



[bookmark: _Toc36804964]4.2	Co-existence simulation assumption
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: _Toc36804965]4.2.1 Network layout model
Network layout model are listed in table 4.2.1-1.
Table 4.2.1-1 Network layout model for 7GHz and 10GHz
	Scenarios
	Assumption

	Urban macro
	layout
	TR 38.803

	
	Multi-operators
	Coordinated and uncoordinated referring to TR 36.942

	
	ISD
	500m

	
	BS antenna height
	25m

	
	UE location
	in table 5.2.1.1-1 fromTR 38.803

	
	UE distribution (horizontal)
	Uniform

	
	Minimum BS - UE distance (2D)
	35m

	Dense Urban
	layout
	TR 38.803

	
	Multi-operators
	Coordinated

	
	Number of micro BSs per macro cell
	3 (3 cluster circles are in a macro cell. 1 cluster circle has 1 micro BS.)

	
	Radius of UE dropping within a micro cell
	< 72.17 m ( Value = ISD/3*sqrt(3)/2/2 )

	
	BS antenna height	
	10 m

	
	UE location
	in table 5.2.1.2-1 from TR 38.803

	
	UE distribution (horizontal)
	Uniform

	
	Minimum BS - UE distance (2D)
	3m

	Indoor
	layout
	TR 38.803

	
	Multi-operators
	Coordinated

	
	Inter-site distance
	20m

	
	BS antenna height
	3 m (ceiling)

	
	UE location
	in table 5.2.1.3-1 fromTR 38.803

	
	UE distribution (horizontal)
	Uniform

	
	Minimum BS - UE distance (2D)
	0m



4.2.2 Propagation model
Propagation model are listed in table 2.2.2-1.
Table 4.2.2-1	Propagation model for 7GHz and 10GHz
	Propagation model
	Path Loss
	TR 38.803 with UMa LOS formula from TR 38.901

	
	LOS probability
	TR 38.803

	
	O-to-I penetration loss
	TR 38.803


4.2.3 Transmission power control model
For downlink scenario, no power control scheme is applied.
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied with following parameters.
-	CLx-ile = 88 + 10*log10(200/X), where X is UL transmission BW (MHz)
-	γ = 1
4.2.4 Received power model
The Received power model in TR 38.803 can be reused.
4.2.5 ACLR and ACS modelling
The ACLR and ACS modelling in TR 38.803 can be reused.
4.2.6 Link level performance for 5G NR coexistence
The Link level performance for 5G NR coexistence in TR 38.803 can be reused.
The throughput of a modem with link adaptation can be approximated by an attenuated and truncated form of the Shannon bound. (The Shannon bound represents the maximum theoretical throughput than can be achieved over an AWGN channel for a given SNIR). The following equations approximate the throughput over a channel with a given SNIR, when using link adaptation:
	
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 2.2.6-1 represent a baseline case, which assumes:
-	1:1 antenna configurations
-	AWGN channel model
-	Link Adaptation (see table 4.2.6-1 for details of the highest and lowest rate codes)
-	No HARQ
Table 4.2.6-1: Parameters describing baseline Link Level performance for 5G NR
	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) 



4.2.7 Other simulation parameters
Table 4.2.7-1: Other simulation parameters
	Parameters
	7GHz
	10GHz

	Channel bandwidth
	100MHz
	100MHz

	Scheduled channel bandwidth per UE (DL)
	100MHz
	100MHz

	Scheduled channel bandwidth per UE (UL)
	100MHz
	100MHz

	The number of active UE (DL)
	Same as the number of BS beam
	Same as the number of BS beam

	The number of active UE (UL)
	Same as the number of BS beam
	Same as the number of BS beam

	Traffic model
	Full buffer
	Full buffer

	DL power control
	NO
	NO

	UL power control
	YES
	YES

	BS max TX power in dBm (Urban Macro)
	43dBm
	43dBm

	BS max TX power in dBm (Dense Urban)
	36dBm
	36dBm

	BS max TX power in dBm (Indoor)
	24dBm
	24dBm

	UE max TX power in dBm
	23dBm
	23dBm

	UE min TX power in dBm
	-33dBm
	-33dBm

	BS Noise figure in dB
	5dB
			7dB

	UE Noise figure in dB
	9dB
	9dB

	UE antenna
	Isotropic (0dBi)
	Isotropic (0dBi)

	Handover margin
	3dB
	3dB



4.3	Co-existence simulation methodology
Adopt following simulation steps.

1.	Aggressor and victim network are generated.
-	UEs are distributed randomly across the network.
2.	UE associations: UEs are associated to base station based on coupling loss.
-	Associations are made assuming a single element at both UE and BS.
3.	Once association is done, round robin scheduling is used. BF weights are adjusted to point to the LOS direction between BS-UE. This is done for both victim and aggressor networks.
4.	Throughput is computed in the victim systems without considering ACI as below:
-	, where  is the inter-cell interference.
5.	Throughput is computed considering ACI as below:
-	, where  is the adjacent channel interference.
6.	RF parameters are determined based on the degradation cause by ACI as below:
-	.
4.4	Co-existence simulation results


<End of TP >
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