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Summary

This contribution discusses NR coexistence study simulation methodology and assumption.

1
Introduction

This contribution discusses NR coexistence study simulation methodology and assumption. This is mainly for calibration purpose at this moment. There are two cases, NR DL interfering NR DL, and NR UL interfering NR UL which are shown in the following table.
Table 1-1 Simulation cases of coexistence study for NR

	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	TDD
	NR
	NR
	Downlink

	2
	TDD
	NR
	NR
	Uplink


2
Methodology and assumption

The following table lists the coexistence study simulation methodology and assumption. Those highlighted in GREEN were agreed in RAN4 #79. Some entries in the following table are still TBD, which need more discussions in this meeting. 
Table 2-1 Simulation methodology and assumption

	Carrier frequency in GHz
	30GHz
	70GHz

	Scenarios
	Indoor hotspot
	Urban macro
	Dense urban
	Indoor hotspot
	Dense urban

	Size of each nominal channel BW in MHz
	200


	200


	200


	200


	200



	Network layout
(For both Aggressor  and Victim)
	Indoor floor: (12BSs per 120m x 50m)
Reference: TR38.900 Figure 7.2-1
	Hexagonal grid, 19-site, 57 sectors, with wrap-around
	TBD
	Indoor floor: (12BSs per 120m x 50m)
Reference: TR38.900 Figure 7.2-1
	TBD

	Inter-site distance in meter
	TBD
	500m

	TBD

	TBD
	TBD


	Grid shift among different operators
	Random (may need to modify the size of building 120mx50m)
	Uncoordinated at the worse case (shown after this table)
	TBD
	Random (may need to modify the size of building 120mx50m)
	TBD

	System loading and activity
	Full buffer 100%
	Full buffer 100%
	Full buffer 100%
	Full buffer 100%
	Full buffer 100%

	DL power control
	No
	No
	No
	No
	No

	UL power control
	The same as TR 36.942, adopting PC set parameters to the scenario
	The same as TR 36.942, adopting PC set parameters to the scenario
	The same as TR 36.942, adopting PC set parameters to the scenario
	The same as TR 36.942, adopting PC set parameters to the scenario
	The same as TR 36.942, adopting PC set parameters to the scenario

	Frequency reuse
	1
	1
	1
	1
	1

	Number of schedule UE per cell (DL)
	TBD
	TBD
	TBD
	TBD
	TBD

	Number of schedule UE per cell (UL)
	TBD
	TBD
	TBD
	TBD
	TBD

	BS antenna height in meter
	3
	25
	10
	3
	10

	The number of BS antenna element
	256
	256
	256
	256
	256

	BS Beamforming pattern
	TBD
	TBD
	TBD
	TBD
	TBD

	Number of BS Beamforming pattern per cell
	TBD
	TBD
	TBD
	TBD
	TBD

	BS max TX power in dBm
	23
	46
	33
	23
	33

	UE antenna height in meter
	1.5
	1.5
	1.5
	1.5
	1.5

	The number of UE antenna element
	16
	16
	16
	32
	32

	UE antenna element gain in dBi
	0
	0
	0
	0
	0

	UE Beamforming pattern
	TBD 
	TBD 
	TBD 
	TBD 
	TBD 

	Number of UE Beamforming pattern per UE
	1
	1
	1
	1
	1

	UE TX power in dBm
	23
	23
	23
	21
	21

	BS noise figure in dB
	7
	7
	7
	7

	7

	UE noise figure in dB
	13
	13
	13
	13
	13

	BS-UE path-loss model
	RAN1 channel modelling SI outcome
InH-Office in Table 7.4.1-1 (not the optional one) and Table 7.4.2-1 in TR 38.900
	RAN1 channel modelling SI outcome
UMa in Table 7.4.1-1 (not the optional one) and Table 7.4.2-1 in TR 38.900
	RAN1 channel modelling SI outcome

	RAN1 channel modelling SI outcome
InH-Office in Table 7.4.1-1 (not the optional one) and Table 7.4.2-1 in TR 38.900
	RAN1 channel modelling SI outcome


	Standard deviation of BS-UE log-normal shadow fading in dB
	InH-Office in Table 7.4.1-1 in TR 38.900
	UMa in Table 7.4.1-1 in TR 38.900 
	TBD
	InH-Office in Table 7.4.1-1 in TR 38.900
	TBD 

	Shadowing correlation
	N/A
	between cells: 1.0 between sites: 0.5
	TBD
	N/A
	TBD

	Building penetration loss
	N/A

	Section 7.4.3 of TR38.900
	Section 7.4.3 of TR38.900
	N/A

	Section 7.4.3 of TR38.900

	Beamforming gain loss due to estimation error of UE positioning
	0
	0
	0
	0
	0

	Beamforming gain loss model due to  discrete beam pattern
	0
	0
	0
	0
	0

	BS-UE min couple loss in dB 
	TBD
	70
	TBD
	TBD
	TBD

	Link-level performance model
	Scaled Shannon’s formula defined in TR 36.942 (may need to modify due to 64QAM MCS)
	Scaled Shannon’s formula defined in TR 36.942 (may need to modify due to 64QAM MCS)
	Scaled Shannon’s formula defined in TR 36.942 (may need to modify due to 64QAM MCS)
	Scaled Shannon’s formula defined in TR 36.942 (may need to modify due to 64QAM MCS)
	Scaled Shannon’s formula defined in TR 36.942 (may need to modify due to 64QAM MCS)

	Evaluation metrics
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.

	Carrier separation in MHz
	200
	200
	200
	200
	200

	Minimum BS-UE 2D distance in meters
	0
	35
	10
	0
	10

	Handover margin in dB
	3
	3
	3
	3
	3

	BS ACLR in dB
	TBD
	TBD
	TBD
	TBD
	TBD

	BS ACS in dB
	TBD
	TBD
	TBD
	TBD
	TBD

	UE ACLR in dB
	TBD
	TBD
	TBD
	TBD
	TBD

	UE ACS in dB
	TBD
	TBD
	TBD
	TBD
	TBD

	Coexistence simulation methodology
	In addition, model in ACLR is two step models in frequency

Use the different correlation levels to study the spatial patterns for ACLR. ACLR metric defines integrated over the whole space.

If study should ACLR can be modelled as flat in space, then, we just use integrated ACLR model. 

Assume flat ACS in frequency. In space, study if ACS model is flat.


Some detail information of methodology and assumptions are shown below, including urban macro deployment layout, indoor office layout, path-loss models, LOS probability, and antenna pattern. For the indoor office deployment, if the BS of two systems are not collocated, the size of the office need to be modified, which depends on the shift of the two systems. The antenna pattern for InH-Office needs further discussion.
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Figure 2-1: Uncoordinated urban macro cellular deployment
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Figure 2-2: Indoor office deployment [TR38.900]
Table 2-2: Pathloss models [TR38.900]
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	UMa LOS
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	σSF=4.0

 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m

1.5m ≦ hUT≦ 22.5m

hBS = 25 m



	UMa NLOS
	
[image: image5.wmf])

,

max(

NLOS

UMa

LOS

UMa

PL

PL

PL

-

-

=



[image: image6.wmf](

)

(

)

)

5

.

1

(

6

.

0

log

20

log

08

.

39

54

.

13

10

3

10

-

-

+

+

=

-

UT

c

D

NLOS

UMa

h

f

d

PL


	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m

hBS = 25 m

Explanations: see note 3

	
	Optional 
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	σSF =7.8
	

	UMi - Street Canyon
LOS
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	σSF=4.0

 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m

1.5m ≦ hUT≦ 22.5m

hBS = 10 m

	UMi – Street Canyon NLOS
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	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m

hBS = 10 m 

Explanations: see note 4

	
	 Optional 
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	σSF=8.2
	

	InH - Office LOS
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	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
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	σSF=8.03
	1<d3D<86m

	
	 Optional 
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	σSF=8.29
	1< d3D <86m

	Note 1:
d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. 

Note 2:
The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:
UMa NLOS pathloss is from TR36.873 with simplified formatand and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

Note 4:
PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.

Note 5:
Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ( 108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:
fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.


Table 2-3 LOS probability
	Scenario
	LOS probability (distance is in meters)

	UMi – Street canyon
	Outdoor users:
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Indoor users:

Use d2D-out in the formula above instead of d2D



	UMa
	Outdoor users:
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where
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and
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Indoor users:
Use d2D-out in the formula above instead of d2D

	Indoor - Mixed office
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	Indoor – Open office
	
[image: image22.wmf]ï

î

ï

í

ì

>

×

-

-

£

<

-

-

£

=

49

         

,

54

.

0

)

7

.

211

/

)

49

(

exp(

49

5

  

          

          

),

8

.

70

/

)

5

(

exp(

5

     

          

          

          

          

          

,

1

2

2

2

2

2

_

D

D

D

D

D

office

Open

LOS

d

d

d

d

d

P



	Note: 
The LOS probability is derived with assuming antenna heights of 3m for indoor, 10m for UMi, and 25m for UMa


Table 2-4: Antenna pattern (38.900, calibration for UMa, not suitable for InH)
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi (9.8dBi directivity with 1.8dB loss)
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