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<Start of change>

5.8.1
Simulation assumptions

5.8.1.1
Macro cell Propagation model

5.8.1.1.1
Macro cell Propagation model - Urban and Suburban Areas

The propagation model is a derived from TR 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:
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where:

R is the base station-UE separation in kilometres

5.8.1.1.2 
Macro cell Propagation model - Rural Area

The propagation model is a derived from TR 36.942.

For rural area, the Hata model is not applicable for a carrier frequency of 2.6 GHz, while the modified Hata model can be used:
Case 1:

d ( 0.6 km


[image: image2.wmf])

(

00189225

.

0

log

10

7

.

100

2

+

+

=

d

L




Case 2:

d  0.6 km
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where: d is the base station-UE separation in kilometres

5.8.1.2
Power Control Modelling

In TR 36.942 the transmit power is solely based on the coupling loss between the UE and the eNB. The maximum power is capped by Pmax which is the maximum power of the UE. The UE output power formula in TR 36.942 is shown in Equation 5.8.1.2-1.
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Figure 5.8.1.2-1: TR 36.942 UE output power
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Equation 5.8.1.2-1 TR 36.942 UE output power 

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 path coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadow fading, 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.
As can be seen in Figure 5.8.1.2-1 the transmit power follows a linear line from minimum to maximum transmit power based on the coupling losses modelled in the simulation. The slope and position of the line for a particular cell layout depends on the chosen values of ( and CLx-ile, respectively. 

[image: image6.png]P——




Figure 5.8.1.2-2: TR 36.942 UE output power

As seen in Figure 5.8.1.2-2 there are two basic regions that are modelled in [5] one is the region where the eNB optimizes the UE power and the other is at cell edge where the UE transmits at full power. At the edge of the cell the UEs are using maximum power to use allocated RBs to transmit as much traffic as possible. In the region where power is reduced the UE is not using maximum power because power control is reducing power to match conditions (pathloss, #RBs, MCS) and minimize interference. 

There are two fundamental reasons why eNB constrains UE output power. One is that capacity constraints prevent allocation of enough RBs to fully utilize UE's Tx power – UE is at max UL MCS, otherwise MCS could be increased. The other reason is that the UE does not have enough offered traffic to use all RBs available at peak potential spectral efficiency – UE is using smaller allocations and/or lower MCS than could potentially be supported. If additional traffic, RBs, and MCS capability existed for this UE, the scheduler would be using the remaining power to use the RBs or increase the MCS, and send more traffic.

Regardless of the power class of the UE, this region of the power control curve will be identical, as it is the necessary power to use the available RBs to transmit the offered traffic and have them received at the correct power spectral density. Since neither power class UE is at maximum power in this region of the curve, there is no reason for one to be transmitting more power than the other during the identical system conditions. The extra power in the Class 2 UE only comes into play in the maximum power region. 

The fact that UE is not using full power means that the useful power is limited by available traffic, available RBs, and/or is already at its maximum UL MCS scheme.

5.8.1.2.1 
Power Control Simulation Reflects Deployments

Figure 5.8.1.2.1-1 demonstrates that the power control modelling in [5] is representative of the UE behaviour in deployments. The shape of the power control model curve has the same general shape as the polynomial curve fit to the deployment power usage data. While a more complex statistical model of offered traffic and scheduler behaviour could potentially reflect the real usage more accurately, this model is sufficient to capture the average behaviour when properly parameterized.

This shows that implementations are using the same two regions modelled in TR 36.942. Namely the power controlled regions and the max power region. 
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Figure 5.8.1.2.1-1: Example Real-World Measured UE output power
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Figure 5.8.1.2.1-2: Simulation Power Control Curve

5.8.1.2.2
Parameter Values Choices

The goal for simulation is to choose the best model parameters to place the model curve close to the behaviour of represented network. Figure 5.8.1.2.2-1 shows how the extra power from the Class 2 UE comes into play in the maximum power region of the power control curve. To maintain the power control region of the curve in the same position, the CLx-ile parameter would need to change. Not doing this will cause undesired effects in the simulation as discussion in clause 5.8.1.2. 
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Figure 5.8.1.2.2-1: HPUE Power Curve Extensions

5.8.1.2.3
Scenario 1 – UL Cell Throughput below Maximum Capacity

This is a case where a sector is not fully loaded and the UL grants are not limited by resource availability. The system throughput is limited by offered traffic, which means that the eNB scheduler is likely to leave some UL RBs unallocated. Alternately, the scheduler may allocate more RBs to each UE, but use more power-efficient MCS.

In the Maximum Power Region, UEs are link budget limited, so HPUEs will use their higher power to get throughput closer to offered traffic rate. In this case the UE throughput is limited by the available UE power, the available RB's and the ability of the UE to transmit the MCS needed to meet the minimum cell edge data rate. 

Within the power controlled region UEs will transmit offered traffic at less than full power. The higher maximum power capability of HPUEs may allow higher peak MCS for traffic bursts. However this will leave more RB's unused, thus the average UE power for a class 2 UE will be very similar to a class 3 UE. 

From a simulation perspective the effect is higher power in the maximum power region and the same UE output power for class 2 and class 3 UEs in the power controlled region. This is modelled by setting Pmax for class 2 UE's to 26 dBm and setting CLx-ile for class 2 UE's 3 dB more than the class 3 value. 

5.8.1.2.4
Scenario 2 – UL is at Max Cell Capacity, all RBs Utilized

In this scenario the cell is operating at maximum capacity, given scheduling priorities and UE link budgets. All of the RB's are being utilized on the cell and all of the allocations use the maximum achievable spectral efficiencies (MCS). 

As in the unloaded scenario described in clause 5.8.1.2.3 UEs are link budget limited and the HPUEs use the increased power to get throughput closer to the offered traffic rate. In this region there is a power differential between the class 2 and class 3 UE's. 

In the power control region UE output power is limited because capacity constraints result in UEs being granted smaller allocations than they could potentially use. The scheduler grants the maximum MCS supported by the UE. The same RF environment and resource limitations exist for the class 2 UE and the class 3 UE, thus both classes of UE's will transmit at the same power. From a simulation perspective the effect is higher power in the maximum power region and the same UE output power for class 2 and class 3 UEs in the power controlled region. This is modelled by setting Pmax for class 2 UE's to 26 dBm and setting CLx-ile for class 2 UE's 3 dB more than the class 3 value. 

5.8.1.2.5
Increasing only Pmax Introduces Unjustified Side Effect

Increasing only the Pmax parameter without a corresponding increase in CLx-ile shifts the entire power control curve. This is just an artefact of the model, with no basis in reality.
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Figure 5.8.1.2.5-1: Impact of Increasing only Pmax

As demonstrated in clause 5.8.1.2.4 if the cell is at maximum capacity, UEs in power control region are limited by RB availability and MCS capability. Additional maximum power will not be usable. If cell is not at maximum capacity, UEs in power control region are limited by offered traffic. Additional maximum power may provide faster bursts and more DTX, but average power will not increase. No scheduler parameter changes will alter these limits.

5.8.1.2.6
Power Control Simulation Parameters

Table 5.8.1.2-1 CLx-ile parameters for +23 dBm UE

(a) CLx-ile parameters for +23 dBm UE using 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) CLx-ile parameters for +23 dBm UE using 2.8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153


(c) CLx-ile parameters for +23 dBm UE using 6 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	117
	120

	Set 2
	0,8
	132
	136


(d) CLx-ile parameters for +23 dBm UE using 8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	122
	124

	Set 2
	0,8
	136
	140


Table 5.6.1.2-2 CLx-ile power control algorithm parameters for +26 dBm UE

(a) CLx-ile power control algorithm parameters for +26 dBm UE using 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
	112
	115

	Set 1'
	1
	120
	123

	Set 2
	0,8
	137
	141


(b) CLx-ile power control algorithm parameters for +26 dBm UE using 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
	136
	139

	Set 2
	0,8
	153
	157


(c) CLx-ile power control algorithm parameters for +26 dBm UE using 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
	120
	123

	Set 2
	0,8
	136
	140


(d) CLx-ile power control algorithm parameters for +26 dBm UE using 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
	125
	127

	Set 2
	0,8
	140
	144


5.8.1.3
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 5.8.1.3-1), with wrap around. The number of sites shall be equal to or higher than 19. 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).
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Figure 5.8.1.3-1: Uncoordinated macro cellular deployment

The inter-site distances considered in the present document are provided in Table 5.8.1.3-1 below.

Table 5.8.1.3-1: 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


5.8.1.4
Other Simulation Assumptions

Other simulation assumptions are summarized in Table 5.8.1.4-1 below:

Table 5.8.1.4-1: 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 5.8.1.3-1

	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, 
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 = 65 degrees, 

Am = 20 dB
	Omni-directional antenna with -3.5 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 5.8.1.3-1

	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, 
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 = 65 degrees, Am = 20 dB
	Omni-directional antenna with -3.5 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.

5.8.1.5

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 Table 5.8.1.4-1 (a). Power control parameters in Table 5.8.1.2-1 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 5.8.1.4-1 (a) and 5.8.1.4-1 (b) are used for the victim and interfering system, respectively. And the power control parameters in Tables 5.8.1.2-1 and 5.8.1.2-2 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 change>
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