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1. Introduction
3GPP is requested to provide RF parameters for sharing studies in WRC-19 agenda item 1.13. At RAN4#78bis meeting, there were opinions that co-existence study is necessary to derive ACS/ACLR, and at RAN4#79 meeting RAN4 discussed simulation assumptions. Although some high level simulation assumptions were agreed [1], there are still a lot of remaining assumptions to be determined. 

In this contribution we focus on the co-existence study needed for derivation of ACS/ACLR values and discuss the simulation assumptions. Note that our view on work plan for the co-existence study is elaborated in our companion contribution [2].
2. Discussion

Firstly in order to clarify what RAN4 should determine for co-existence study, we summarize simulation in table 1. As we discussed in [2], it is essential to determine all evaluation models and methodologies, and most of parameters in RAN4#80 meeting.

Proposal 1: Determine simulation assumptions listed in table 1 in RAN4#80 meeting.
Table 1: Simulation assumptions to be determined

	Simulation assumptions
	Remark

	Co-existence simulation scenario
	

	
	Co-existence scenario
	

	Evaluation model
	

	
	Network layout (Cell layout) model
	No agreement in RAN4#79

	
	Propagation model
	

	
	Beam forming antenna pattern model
	No agreement in RAN4#79

	
	Transmission power control model
	

	
	Received power model
	No agreement in RAN4#79

	
	ACI model (ACLR model)
	No agreement in RAN4#79

	
	Traffic model
	

	Parameter
	

	
	Carrier frequency
	

	
	Channel band width
	

	
	Number of scheduled UEs per Cell
	No agreement in RAN4#79

	
	Number of antenna elements per BS/UE
	

	
	Number of beam forming pattern per BS/UE
	No agreement in RAN4#79

	
	BS/UE Maximum power
	

	
	BS/UE Noise Figure
	No agreement in RAN4#79

	
	Minimum coupling loss
	No agreement in RAN4#79

	
	Handover margin
	No agreement in RAN4#79

	Methodology
	

	
	Simulation description
	No agreement in RAN4#79

	
	Evaluation metrics
	


Next, we discuss several assumptions listed in table 1.

Co-existence scenario
We have already agreed that at least following scenarios are assumed;

· UL to UL and DL to DL interference

· eMBB

· Indoor hotspot, Urban macro, Dense urban

In addition, we have also agreed that at least 30GHz and 70GHz are assumed. Note that Urban macro deployment in 70GHz is not assumed as RAN1 simulation assumption so far. Based on the current aggrements, we summarise followings as co-existence scenarios. 

Proposal 2: Co-existence scenarios to be evaluated
	No.
	Aggressor
	Victim
	Simulation frequency
	Direction
	Usage scenario
	Deployment Scenario

	1
	NR
	NR
	30 GHz
	DL to DL
	eMBB
	Indoor hotspot

	2
	NR
	NR
	30 GHz
	DL to DL
	eMBB
	Urban macro

	3
	NR
	NR
	30 GHz
	DL to DL
	eMBB
	Dense urban

	4
	NR
	NR
	30 GHz
	UL to UL
	eMBB
	Indoor hotspot

	5
	NR
	NR
	30 GHz
	UL to UL
	eMBB
	Urban macro

	6
	NR
	NR
	30 GHz
	UL to UL
	eMBB
	Dense urban

	7
	NR
	NR
	70 GHz
	DL to DL
	eMBB
	Indoor hotspot

	[8]
	NR
	NR
	70 GHz
	DL to DL
	eMBB
	Urban macro

	9
	NR
	NR
	70 GHz
	DL to DL
	eMBB
	Dense urban

	10
	NR
	NR
	70 GHz
	UL to UL
	eMBB
	Indoor hotspot

	[11]
	NR
	NR
	70 GHz
	UL to UL
	eMBB
	Urban macro

	12
	NR
	NR
	70 GHz
	UL to UL
	eMBB
	Dense urban


Network layout (Cell layout) model

For urban macro scenario, hexagonal grid, 19 macro sites and 3 sectors per site network layout is used in the channel model SI. Since the tri-sector layout placed on a hexagonal grid model is typically used in co-existence study in RAN4, it would be reasonable to use this model for the NR co-existence study. 
For the co-existence study, multi operator network layout is also important. For urban macro, we have two cases, i.e. coordinated macro cellular deployment and uncoordinated macro cellular deployment as illustrated in figure 1. If we do not assume beam forming gain, the uncoordinated macro cellular deployment would be the worst case because second network’s sites are located at the first network’s cell edge. However if we assume beam forming gain, the uncoordinated macro cellular deployment may not the worst case. For the sake of progress, we propose to use the uncoordinated macro cellular deployment and to encourage interested companies to use the coordinated one in addition to the uncoordinated one. 
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 (left) uncoordinated operation, (right) coordinated operation

Figure 1: Multi operator cell layout
 Based on the parameters captured in Table 7.2-1 of TR38.900 and current RAN1 simulation assumptions in [3], we propose following network layout model for urban macro.

Proposal 3: Network layout model for urban macro

	Parameters
	Values
	Remark

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	

	Inter-site distance
	500 m
	

	BS antenna height
	25 m
	

	UE location
	Outdoor/indoor
	Outdoor and indoor
	

	
	Indoor UE ratio
	80 %
	

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	1.5 m
	

	UE distribution (horizontal)
	Uniform
	

	Minimum BS - UE distance (2D)
	35 m
	

	Channel model
	UMa
	Specified in TR38.900

	Shadowing correlation
	Between cells: 0.5

Between sites: 1.0
	

	Multi operator layout
	Uncoordinated macro cellular deployment
	If we assume beam forming gain, the uncoordinated macro cellular deployment may not the worst case. 

Interested companies are encouraged to use the coordinated macro cellular deployment in addition to the uncoordinated one.


For indoor hotspot scenario, indoor office network layout illustrated in figure 2 is used in the channel model SI. Since the layout is also used for current RAN1 simulation assumptions, it would be reasonable to assume the layout as a baseline for indoor hotspot. Based on the parameters captured in Table 7.2-2 of TR38.900 and current RAN1 simulation assumptions in [3], we propose following network layout model for indoor hotspot.
Observation 1: Layout illustrated in figure 2 can be a baseline for indoor hotspot scenario

Proposal 4: Network layout model for urban macro
	Parameters
	Values
	Remark

	Network layout
	TBD
	

	Inter-site distance
	TBD
	

	BS antenna height
	3 m
	ceiling

	UE location
	Outdoor/indoor
	Indoor
	

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	1.5 m
	

	UE distribution (horizontal)
	Uniform
	

	Minimum BS - UE distance (2D)
	0 m
	

	Channel model
	Indoor Office
	Specified in TR38.900

	Shadowing correlation
	TBD
	

	Multi operator layout
	TBD
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Figure 2: Layout of indoor office scenarios.
For Dense urban scenario, especially for above 6GHz, not macro but micro cellular network would be typical deployment scenario. There is, however, no network layout for micro cellular network in the channel model SI. Thus we can refer no network layout used in the channel model SI. One of the micro cellular network layout model used in RAN4 co-existence study is Manhattan grid layout. On the other hands, random drop layout illustrated in figure 3 is assumed in RAN1 current simulation assumption. These two layouts would be used as a baseline.
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Figure 3. Layout illustration of deployment scenario of “Dense Urban”: 3 Microcells per Macro cell  [3]
Observation 2: Layout illustrated in figure 3 and Manhattan model can be a baseline for Dense urban

Proposal 5: Network layout model for Dense urban

	Parameters
	Values
	Remark

	Network layout
	TBD
	

	Inter-site distance
	TBD
	

	BS antenna height
	TBD
	

	UE location
	Outdoor/indoor
	TBD
	

	
	Indoor UE ratio
	TBD
	

	
	LOS/NLOS
	TBD
	

	
	UE antenna height
	1.5 m
	

	UE distribution (horizontal)
	TBD
	

	Minimum BS - UE distance (2D)
	TBD
	

	Channel model
	UMi
	Specified in TR38.900

	Shadowing correlation
	TBD
	

	Multi operator layout
	TBD
	


Received power model
Although RAN4 typically defines the received power model used in co-existence study as below [4], when we assume the beam forming gain we may need to discuss whether we can use the following received power model or not.

RX_PWR = TX_PWR – Max (pathloss – G_TX – G_RX, MCL)

where:

RX_PWR is the received signal power

TX_PWR is the transmitted signal power

G_TX is the transmitter antenna gain

G_RX is the receiver antenna gain

MCL is the minimum coupling loss

Proposal 6: Need to discuss whether we can use the following received power model

RX_PWR = TX_PWR – Max (pathloss – G_TX – G_RX, MCL)

where:

RX_PWR is the received signal power, TX_PWR is the transmitted signal power

G_TX is the transmitter antenna gain, G_RX is the receiver antenna gain

MCL is the minimum coupling loss

3. Conclusion
In this contribution we focused on the co-existence study needed for derivation of ACS/ACLR values and discussed the simulation assumptions. Our observations and proposals are summarised as below;
Proposal 1: Determine simulation assumptions listed in table 1 in RAN4#80 meeting.
Table 1: Simulation assumptions to be determined

	Simulation assumptions
	Remark

	Co-existence simulation scenario
	

	
	Co-existence scenario
	

	Evaluation model
	

	
	Network layout (Cell layout) model
	No agreement in RAN4#79

	
	Propagation model
	

	
	Beam forming antenna pattern model
	No agreement in RAN4#79

	
	Transmission power control model
	

	
	Received power model
	No agreement in RAN4#79

	
	ACI model (ACLR model)
	No agreement in RAN4#79

	
	Traffic model
	

	Parameter
	

	
	Carrier frequency
	

	
	Channel band width
	

	
	Number of scheduled UEs per Cell
	No agreement in RAN4#79

	
	Number of antenna elements per BS/UE
	

	
	Number of beam forming pattern per BS/UE
	No agreement in RAN4#79

	
	BS/UE Maximum power
	

	
	BS/UE Noise Figure
	No agreement in RAN4#79

	
	Minimum coupling loss
	No agreement in RAN4#79

	
	Handover margin
	No agreement in RAN4#79

	Methodology
	

	
	Simulation description
	No agreement in RAN4#79

	
	Evaluation metrics
	


Proposal 2: Co-existence scenarios to be evaluated

	No.
	Aggressor
	Victim
	Simulation frequency
	Direction
	Usage scenario
	Deployment Scenario

	1
	NR
	NR
	30 GHz
	DL to DL
	eMBB
	Indoor hotspot

	2
	NR
	NR
	30 GHz
	DL to DL
	eMBB
	Urban macro

	3
	NR
	NR
	30 GHz
	DL to DL
	eMBB
	Dense urban

	4
	NR
	NR
	30 GHz
	UL to UL
	eMBB
	Indoor hotspot

	5
	NR
	NR
	30 GHz
	UL to UL
	eMBB
	Urban macro

	6
	NR
	NR
	30 GHz
	UL to UL
	eMBB
	Dense urban

	7
	NR
	NR
	70 GHz
	DL to DL
	eMBB
	Indoor hotspot

	[8]
	NR
	NR
	70 GHz
	DL to DL
	eMBB
	Urban macro

	9
	NR
	NR
	70 GHz
	DL to DL
	eMBB
	Dense urban

	10
	NR
	NR
	70 GHz
	UL to UL
	eMBB
	Indoor hotspot

	[11]
	NR
	NR
	70 GHz
	UL to UL
	eMBB
	Urban macro

	12
	NR
	NR
	70 GHz
	UL to UL
	eMBB
	Dense urban


Proposal 3: Network layout model for urban macro

	Parameters
	Values
	Remark

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	

	Inter-site distance
	500 m
	

	BS antenna height
	25 m
	

	UE location
	Outdoor/indoor
	Outdoor and indoor
	

	
	Indoor UE ratio
	80 %
	

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	1.5 m
	

	UE distribution (horizontal)
	Uniform
	

	Minimum BS - UE distance (2D)
	35 m
	

	Channel model
	UMa
	Specified in TR38.900

	Shadowing correlation
	Between cells: 0.5

Between sites: 1.0
	

	Multi operator layout
	Uncoordinated macro cellular deployment
	If we assume beam forming gain, the uncoordinated macro cellular deployment may not the worst case. 

Interested companies are encouraged to use the coordinated macro cellular deployment in addition to the uncoordinated one.


Observation 1: Layout illustrated in figure 2 can be a baseline for indoor hotspot scenario

Proposal 4: Network layout model for urban macro
	Parameters
	Values
	Remark

	Network layout
	TBD
	

	Inter-site distance
	TBD
	

	BS antenna height
	3 m
	ceiling

	UE location
	Outdoor/indoor
	Indoor
	

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	1.5 m
	

	UE distribution (horizontal)
	Uniform
	

	Minimum BS - UE distance (2D)
	0 m
	

	Channel model
	Indoor Office
	Specified in TR38.900

	Shadowing correlation
	TBD
	

	Multi operator layout
	TBD
	


Observation 2: Layout illustrated in figure 3 and Manhattan model can be a baseline for Dense urban

Proposal 5: Network layout model for Dense urban

	Parameters
	Values
	Remark

	Network layout
	TBD
	

	Inter-site distance
	TBD
	

	BS antenna height
	TBD
	

	UE location
	Outdoor/indoor
	TBD
	

	
	Indoor UE ratio
	TBD
	

	
	LOS/NLOS
	TBD
	

	
	UE antenna height
	1.5 m
	

	UE distribution (horizontal)
	TBD
	

	Minimum BS - UE distance (2D)
	TBD
	

	Channel model
	UMi
	Specified in TR38.900

	Shadowing correlation
	TBD
	

	Multi operator layout
	TBD
	


Proposal 6: Need to discuss whether we can use the following received power model

RX_PWR = TX_PWR – Max (pathloss – G_TX – G_RX, MCL)

where:

RX_PWR is the received signal power, TX_PWR is the transmitted signal power

G_TX is the transmitter antenna gain, G_RX is the receiver antenna gain

MCL is the minimum coupling loss
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