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Introduction
At RAN#76 and again at RAN#76bis several companies submitted contributions on simulation methodology and assumptions [5][6][7][8][9][10]. This Way Forward proposes a common set of parameters for companies to use in simulations. 
Discussion
All of the simulation assumptions are based on TS 36.942 [3].  Table 1 summarizes the simulation assumptions contributions submitted the RAN4#76bis.
	Company
	ISD (km)
	Antennas (dBi)
	CLx-ile Values
	Propagation Model
	Other Features
	Notes

	ALU [9]
	1.0
1.5
2.8
6.3 (rural)
8.0 (rural)
	BS: 17
23dBm UE: -3.5
26dBm UE: -3.5
	117,120
123,126
133,136
118,121
122,125
	Urban & Suburban - 3GPP Macro 
     cell Urban Hata (TR 25.942)


Rural - Modified Hata Model
Case 1:		d  0.04 km


Case 2:		d  0.1 km

 
Case 1:		d  0.6 km

	(8)
Case 2:		d  0.6 km



	 
	Offset CLx-ile values - high power will primarily be used at cell edge.

	Ericsson
[8]
	6 (rural)
8 (rural)
	BS: 15
23dBm UE: -6
26dBm UE: -1
	117
122
	Rural - Modified Hata Model
Case 1:		d  0.6 km

	
Case 2:		d  0.6 km


	 
	Single CLx-ile values - higher HPUE power in inner cell
Different antennas for UE classes

	CMCC
[10]
	6.0 (rural)
	BS: 15
23dBm UE: 0
26dBm UE: 0
	117 (10MHz)
	TS36942 Okumura-Hata
L (R)=  69.55 +26.16log10(f)–13.82log10(Hb)+[44.9-6.55log10(Hb)]log(R)  – 4.78(Log10 (f))2+18.33 log10 (f) -40.94 
where:
R is the base station-UE separation in kilometres
f is the carrier frequency in MHz
Hb is the base station antenna height above ground in metres

101.95+34.01log(R)
 (values for F and Hb not shown in contribution) 
F = 2600 MHz 
Hb = 45 meters

	Variable percentage of HPUEs in population
	Single CLx-ile values - higher HPUE power in inner cell

	CTC
[5]
	0.75
1.7
5.0 (rural)
	BS: 15
23dBm UE: 0
26dBm UE: 0
	109
	Urban & Suburban - 3GPP Macro 
     cell Urban Hata (TR 25.942)


Rural - Modified Hata Model
Case 1: d  0.04 km


Case 2: d  0.1 km

	
	Indoor 
Penetration
	Single CLx-ile values - higher HPUE power in inner cell
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Way Forward
Proposal 1: Adopt the simulation assumptions found in Section 3.1 through 3.6

[bookmark: _Toc336211415]3.1	Cell layouts
Base stations with 3 sectors per site are placed on a hexagonal grid with distance of 3*R, where R is the cell radius (see Figure 3.1), with wrap around. The number of sites shall be equal to or higher than 19 [3]. Uncoordinated macro cellular deployment is assumed, where interfering UE may be at cell edge of the serving base station but close to the victim base station (hence transmitting with highest power and causing highest interference).
[image: cell_layout2]
Figure 3.1: Uncoordinated macro cellular deployment
The inter-site distances considered in this study are provided in Table 2.1 below.
Table 3.1: Inter-site distances and Propagation model
	Environment 
	ISD (KM)
	ISD (miles) 

	Urban 
	.75
	.47

	Suburban 
	2.8
	1.74

	Rural
	6
	3.73

	Rural
	8
	5




0. [bookmark: _Toc346003824]Macro cell Propagation model - Urban and Suburban Areas
The propagation model is a derived from TS 36.942
Considering a carrier frequency of 2.6 GHz and a base station antenna height of 15 m above average rooftop level, the propagation model is given by the following equation:

 	(2)
where:
R is the base station-UE separation in kilometres
[bookmark: _Toc346003825]Macro cell Propagation model - Rural Area
The propagation model is a derived from TS 36.942

For rural area, the Hata model in [3] is not applicable for a carrier frequency of 2.6 GHz, while the modified Hata model can be used [5]:
Case 1:		d  0.6 km

	
Case 2:		d  0.6 km

	
where: d is the base station-UE separation in kilometres
Power control modelling
In TR 36.942, the following power control equation is used for the uplink coexistence simulations:

	(10)
where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadowfading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel. For 26 dBm UE, it is assumed that Rmin has 3dB more dynamic range.
The power control parameters were specified in TS 36.942 for carrier frequency of 2 GHz and 500 m cell range, these have been adjusted for different ISD’s and UE power classes. 


Table 3.4.1: Modified power control algorithm parameters for +23 dBm UE
(a) For 0.75 km inter-site distance and 2.6 GHz carrier frequency
	[bookmark: _Toc346003826]Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	109
	112

	Set 1’
	1
	117
	120

	Set 2
	0,8
	133
	137



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



(c) For 6 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



(d) For 8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



Table 3.4.2: Modified power control algorithm parameters for +26 dBm UE
(a) For 0.75 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	109
	112

	Set 1’
	1
	117
	120

	Set 2
	0,8
	133
	137



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



(c) For 6 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	136
	139

	Set 2
	0,8
	153
	157



(d) For 8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	136
	139

	Set 2
	0,8
	153
	157



[bookmark: _Toc346003828]Other simulation assumptions
Other simulation assumptions are summarized in Table 3.5 below:
Table 3.5: Simulation parameters for Band 41 system 
(a) With 23 dBm UE
	 
	Base Station
	UE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz, 10 MHz

	Inter-site distance
	Use Table 3.1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	



17 dBi,  = 65 degrees, 
Am = 20 dB
	Omni-directional antenna with 0 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
			23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X
Where X is 1 dB

	ACS
	45 dB
	27 dB



(b) With 26 dBm UE
	 
	Base Station
	HPUE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20MHz, 10 MHz

	Inter-site distance
	Use Table 2.1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	



17 dBi,  = 65 degrees, Am = 20 dB
	Omni-directional antenna with 0 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	26 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X
Where X is 1 dB

	ACS
	45 dB
	27 dB



· Simulations should assume the worst case of 100% HPUEs in the scenarios with HPUEs.


[bookmark: _Toc346003829]Simulation procedure
For the co-existence study, the following procedure shall be performed:
1)	Run the Band 41 UL to UL coexistence study, assuming parameters of both systems are according to Table 3.5(a). Power control parameters in Table 3.4.1 are used. This corresponds to the coexistence of two commercial networks operating in adjacent channel and with similar deployment parameters. This is used as the reference. Band 41victim system performance degradation results in this scenario are used as the baseline. 

Provide a CDF plot of UE transmit power. 
2)	Run the Band 41 UL to UL coexistence study, assuming +26 dBm power class UE is deployed in Band 41 interfering system only, and obtain the victim system performance degradation results. The simulation parameters in Tables 3.5(a) and 3.5(b) are used for the victim and interfering system, respectively. And the power control parameters in Tables 3.4.1 and 3.4.2 are used for the victim and interfering system, respectively. 

Provide a CDF plot of UE transmit power.
3)	Compare the Band 41 victim system performance degradation obtaining in steps 1) and 2), choose the 26 dBm UE ACLR value so that the victim system performance degradation due to 26 dBm UE in 2) is the same as 1).

4.	Text Proposal
Proposal 2 : Approve the following text proposal adding the simulation assumptions in TR36.866

TEXT PROPOSAL:

<start of text proposal >

5.6.1 	Simulation assumptions
5.6.1.1	Macro cell Propagation model
5.6.1.1.1 Macro cell Propagation model - Urban and Suburban Areas
The propagation model is a derived from TS 36.942
Considering a carrier frequency of 2.6 GHz and a base station antenna height of 15 m above average rooftop level, the propagation model is given by the following equation:

	(2)
where:
R is the base station-UE separation in kilometres

5.6.1.1.2 Macro cell Propagation model - Rural Area
The propagation model is a derived from TS 36.942

For rural area, the Hata model in [3] is not applicable for a carrier frequency of 2.6 GHz, while the modified Hata model can be used [5]:
Case 1:		d  0.6 km

	
Case 2:		d  0.6 km

	
where: d is the base station-UE separation in kilometres

5.6.1.2	Power Control Modelling
In TR 36.942, the following power control equation is used for the uplink coexistence simulations:

	(10)
where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadowfading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel. For 26 dBm UE, it is assumed that Rmin has 3dB more dynamic range.
The power control parameters were specified in TS 36.942 for carrier frequency of 2 GHz and 500 m cell range, these have been adjusted for different ISD’s and UE power classes. 


Table 5.6.1.2-1: Modified power control algorithm parameters for +23 dBm
(a) For 0.75 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	109
	112

	Set 1’
	1
	117
	120

	Set 2
	0,8
	133
	137



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



(c) For 6 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



(d) For 8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



Table 5.6.1.2-2: Modified power control algorithm parameters for +26 dBm
(a) For 0.75 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	109
	112

	Set 1’
	1
	117
	120

	Set 2
	0,8
	133
	137



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



(c) For 6 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	136
	139

	Set 2
	0,8
	152
	156



(d) For 8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	136
	139

	Set 2
	0,8
	152
	156


 
5.6.1.3 	Cell Layout
Base stations with 3 sectors per site are placed on a hexagonal grid with distance of 3*R, where R is the cell radius (see Figure 5.6.1.3-1), with wrap around. The number of sites shall be equal to or higher than 19 [3]. Uncoordinated macro cellular deployment is assumed, where interfering UE may be at cell edge of the serving base station but close to the victim base station (hence transmitting with highest power and causing highest interference).
[image: cell_layout2]
Figure 5.6.1.3-1: Uncoordinated macro cellular deployment
The inter-site distances considered in this study are provided in Table 3.1 below.
Table 5.6.1.3-1: Inter-site distances and Propagation model
	Environment 
	ISD (KM)
	ISD (miles) 

	Urban 
	.75
	.47

	Suburban 
	2.8
	1.74

	Rural
	6
	3.73

	Rural
	8
	5





5.6.1.4	Other Simulation Assumptions
Other simulation assumptions are summarized in Table 5.6.1.4-1 below:
Table 5.6.1.4-1: Simulation parameters for Band 41 system 
(a) With 23 dBm UE
	 
	Base Station
	UE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz, 10 MHz

	Inter-site distance
	Use Table 3.1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	



17 dBi,  = 65 degrees, 
Am = 20 dB
	Omni-directional antenna with 0 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X
Where X is 1 dB

	ACS
	45 dB
	27 dB



(b) With 26 dBm UE
	 
	Base Station
	HPUE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	10 MHz

	Inter-site distance
	Use Table 2.1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	



17 dBi,  = 65 degrees, Am = 20 dB
	Omni-directional antenna with 0 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	26 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X
Where X is 1 dB

	ACS
	45 dB
	27 dB



· Simulations should assume the worst case of 100% HPUEs in the scenarios with HPUEs.


5.6.1.5	Simulation Procedure
For the co-existence study, the following procedure shall be performed:
1)	Run the Band 41 UL to UL coexistence study, assuming parameters of both systems are according to section 5.6.1.4. Power control parameters in section 5.6.1.2 are used. This corresponds to the coexistence of two commercial networks operating in adjacent channel and with similar deployment parameters. This is used as the reference. Band 41victim system performance degradation results in this scenario are used as the baseline.

Provide a CDF plot of UE transmit power.
2)	Run the Band 41 UL to UL coexistence study, assuming +26 dBm power class UE is deployed in Band 41 interfering system only, and obtain the victim system performance degradation results. The simulation parameters in Tables 5.6.1.4-1 (a) and 5.6.1.4-1 (b) are used for the victim and interfering system, respectively. And the power control parameters in section 5.6.1.2 are used for the victim and interfering system, respectively.

Provide a CDF plot of UE transmit power.

3)	Compare the Band 41 victim system performance degradation obtaining in steps 1) and 2), choose the 26 dBm UE ACLR value so that the victim system performance degradation due to 26 dBm UE in 2) is the same as 1).
<End of text proposal >


5.	Proposals
Proposal 1: Adopt the simulation assumptions found in Section 3.1 through 3.6 
Proposal 2 : Approve the text proposal in section 4 adding the simulation assumptions in TR36.866 



[bookmark: _Toc427073307][bookmark: _Toc427073325]6	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	R4-060470 LTE UE power class
[3]	3GPP TR 36.942 v13.0.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios”.
[4]	Report ITU-R SM.2028-1, “Monte Carlo simulation methodology for the use in sharing and compatibility studies between different radio services or system.
[5] 	R4-155446, ”Discussion on coexistence study for B41 HPUE”, 	China Telecom
[6]	R4-155995, “Discussion co-existence requirement for HPUE in B41”, 	CMCC
[7]	R4-156402, “System level simulation methodology and assumptions for coexistence study on new Band 41 UE power class supporting +26 dBm”, 	Alcatel-Lucent
[8] 	R4-156495, “TP to TR ab.cde: Parameters for Band 41 HPUE simulations”, 	Ericsson
[9] 	R4-154000, “System level simulation methodology and assumptions for coexistence study on new Band 41 UE power class supporting +26 dBm“,Alcatel-Lucent
[10] 	R4-154501, ”Discussion on ACLR requirements for Band 41 UE power class supporting +26 dBm”, CMCC




13

image2.wmf
)

(

00189225

.

0

log

10

7

.

100

2

+

+

=

d

L


oleObject2.bin

image3.wmf
)

(

log

1

.

34

9

.

103

d

L

+

=


oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

image4.wmf
10

L130.537.6log(R)

=+


oleObject8.bin

image5.wmf
2

10

100.710log0.0019

()

Ld

=++


oleObject9.bin

image6.wmf
(

)

10

103.934.07log

Ld

=+


oleObject10.bin

image7.jpeg
Cell radius R Cell range 2'R
- -

Inter-sife distance 3R





oleObject11.bin

oleObject12.bin

oleObject13.bin

image8.wmf
ï

þ

ï

ý

ü

ï

î

ï

í

ì

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

´

=

-

g

ile

x

t

CL

CL

R

P

P

,

max

,

1

min

min

max


oleObject14.bin

image9.wmf
ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

)

(

2

3

q

q

q


oleObject15.bin

image10.wmf
dB

3

q


oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

oleObject25.bin

oleObject26.bin

image1.wmf
(R)

37.6log

130.5

L

10

+

=


oleObject1.bin

