[bookmark: _GoBack]3GPP TSG-RAN WG4 #77	R4-157921
November 15-19, 2015 
Anaheim, California 


Agenda item:	9.3
Source: 	Sprint Corporation
Title: 	HPUE simulation anomalies
Document for:	Approval
Introduction
This contribution proposes to properly specify the way that HPUE power control parameters are modeled.   Fundamentally the power output for UE class 2 and UE class 3 should be the same below 23 dBm. 
Discussion
LTE (and other cellular technologies) use UL power control to optimize user throughput and sector throughput.  BS receivers operate best when signals from the multiple UEs are received within a reasonable range of receive SINRs where:
· Too little power causes high BLER
· Too much power causes interference (in-band to other users, inter-cell, and adjacent channel), as well as battery life reduction at UE
· The goal of power control systems is to use the proper level of transmit power at the UE so that the signal can be received at the BS with appropriate power for the conditions
· The LTE power control mechanism accounts for the following factors:
· Pathloss – higher levels of pathloss require higher transmit power to overcome
· Number of RBs – UE power can be spread across many subcarriers, or concentrated into few.   More RBs require more power to achieve the same power per subcarrier.
· MCS – Higher levels of Modulation and Coding require higher SINRs for successful decode.  
· Higher power can be used for both overcoming higher pathloss (coverage) and transmitting more data (capacity) with more RBs and/or higher MCS.
Power Class 2 UEs will have higher maximum power capability compared to Power Class 3 UEs, but the fundamentals of scheduling and power control will not change.  Power Control insures that when pathloss, allocation size and MCS are the same, Power Class 2 and Power Class 3 UEs will use the same transmit power.
E-UTRA Power Control Formula in 36.213
The E-UTRA UE power control formula is found in TS 36.213 [3] section 5.1.1. 


Equation 1 - E-UTRA UE power control
As can be seen there are several more parameters that go into UE power control formula than what is used in [2].  The impact of HPUE is shown in Table 1 
The key factors in this equation, for purposes of comparison with the simulation framework, are:
MPUSCH,c(i) - Number of scheduled resource blocks
PLc - Pathloss (coupling loss) estimate at UE
ΔTF,c(i) - Expression to adjust power based on the MCS used for the allocation.  
E-UTRA  power control formula modeled in 36.942
In [2] 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 [2] is shown in Equation 2


                  [image: ]
Equation 2- TS 36.942 UE output power                                     Figure 1 - 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 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: ][bookmark: _Ref434528621]Figure 2 Power Control Regions


As seen in Figure 2  there are two basic regions that are modelled in [2] 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. 

Power Control Simulation Reflects Deployments
Figure 2 demonstrates that the power control modelling in [2] is representative of the UE behavior 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 behavior could potentially reflect the real usage more accurately, this model is sufficient to capture the average behavior when properly parameterized.
This shows that implementations are using the same two regions modeled in [2]. Namely the power controlled regions and the max power region. 
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Figure 3  Example Real-World Measured UE output power
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Figure 4 – Simulation Power Control Curve
Parameter Values Choices
The goal for simulation is to choose the best model parameters to place the model curve close to the behavior of represented network.  Figure 5 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 Section 2.3. 
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Figure 5 HPUE Power Curve Extensions

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 modeled 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.  

 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 section 2.2.4 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 modeled 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.  
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 artifact of the model, with no basis in reality.
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As demonstrated in section 2.4.2 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
Proposed Parameter Sets
The approved Way Forward document, R4-156846, identified power control modelling parameter sets for use in modeling HPUE with various inter-site distances.   For ISDs of 6km and 8 km, separate values of CLx-ile were correctly used for the two power classes of UEs.  But for ISDs of 750m and 2.3km, the same values of CLx-ile were used for both power classes, leading to the erroneous power increases described in the previous section.  It is proposed that separate values be used for all ISDs, to accurately reflect power control behavior.
Proposal  : For each parameter set using Power Class 3, add a corresponding parameter set for Power Class 2 with a CLx-ile value adjusted so that the transmit power in the power control region of the model curve remains the same.
CLx-ile,26dBm = CLx-ile,23dBm + 3 dB / Gamma
For parameter sets with Gamma = 1, CLx-ile should be increased by 3 dB.  For parameter sets with Gamma = 0.8, CLx-ile should be increased by 3 / 0.8 = 3.75 ≈ 4 dB.
And approve TP text in Section 5 for TR 36.886 
Existing 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



Additional 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
	Comparable+ 23 dBm Parameter Set

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 3
	1
	112
	115
	Set 1

	Set 4
	1
	120
	123
	Set 1’

	Set 5
	0,8
	137
	141
	Set 2



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile
	Comparable +23 dBm Parameter Set

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 3
	1
	136
	139
	Set 1

	Set 4
	0,8
	153
	157
	Set 2




Conclusion
The Power Control Modeling in 3GPP Framework is a simplification of real LTE power control.  The goal in simulation studies is to parameterize the model to behave as closely as possible to real systems. 
In both lightly loaded and heavily loaded cells UE output power in the power controlled region is identical for class 2 and a class 3 UE’s.  This is because power control ensures that the receive power at the eNB is appropriate for allocations granted, and this calculation is the same power from all UEs regardless of power class. Furthermore, UEs operating near the BS are not able to use full power, so increase in max power capability has no affect on the average power used. In lightly loaded cells the lack of offered traffic prevents higher power usage while in congested cells the lack of available RB’s prevents higher power usage.  
Changing Pmax without a corresponding change to CLx-ile introduces an unjustified artifact to the model that causes the HPUEs to model an increase in power in the power control region.   
Higher maximum power capability at the UE can be modeled as higher Pmax and higher CLx-ile values, resulting in higher power usage for cell edge UEs, and similar average power usage for UEs nearer the BS.
The CLx-ile values in proposal 1 are a reasonable way to model the impact of HPUE in the 750 meter and 2.8 km ISD cases.  The CLx-ile values for the 6 and 8 km ISD’s contained in  [5] are a good representation of the rural coverage scenarios.  
For Approval 
Proposal  : For each parameter set using Power Class 3, add a corresponding parameter set for Power Class 2 with a CLx-ile value adjusted so that the transmit power in the power control region of the model curve remains the same.
CLx-ile,26dBm = CLx-ile,23dBm + 3 dB / Gamma
For parameter sets with Gamma = 1, CLx-ile should be increased by 3 dB.  For parameter sets with Gamma = 0.8, CLx-ile should be increased by 3 / 0.8 = 3.75 ≈ 4 dB.
And approve TP text in Section 5 for TR 36.886 
Existing power control algorithm parameters for +23 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



Additional 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
	Comparable+ 23 dBm Parameter Set

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 3
	1
	112
	115
	Set 1

	Set 4
	1
	120
	123
	Set 1’

	Set 5
	0,8
	137
	141
	Set 2



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile
	Comparable +23 dBm Parameter Set

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 3
	1
	136
	139
	Set 1

	Set 4
	0,8
	153
	157
	Set 2




Text Proposal for 36.866
<Start of Change>
[bookmark: _Toc427073327]5.6.1.1	Power Control Modelling
In TS 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 TS 36.942 is shown in Equation 2


                  [image: ]
Equation 2- TS 36.942 UE output power                                     Figure 1 - 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 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: ]Figure 2 Power Control Regions


As seen in Figure 2  there are two basic regions that are modelled in [2] 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. 


5.6.1.2 Power Control Simulation Reflects Deployments
Figure 2 demonstrates that the power control modelling in [2] is representative of the UE behavior 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 behavior could potentially reflect the real usage more accurately, this model is sufficient to capture the average behavior when properly parameterized.
This shows that implementations are using the same two regions modeled in [2]. Namely the power controlled regions and the max power region. 
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Figure 3  Example Real-World Measured UE output power
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Slope of power control region is set by gamma
“Elbow” position set with CLx-ile

Figure 4 – Simulation Power Control Curve
5.6.1.3 Parameter Values Choices
The goal for simulation is to choose the best model parameters to place the model curve close to the behavior of represented network.  Figure 5 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 Section 2.3. 
[image: ]
Figure 5 HPUE Power Curve Extensions

5.6.1.4 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 modeled 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.  

5.6.1.5 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 section 5.6.1.4 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 modeled 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.  
5.6.1.6 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 artifact of the model, with no basis in reality.

[image: ]
As demonstrated in section 2.4.2 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


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
	Comparable+ 23 dBm Parameter Set

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 1
	1
	109
	112
	Set 1

	Set 1’
	1
	117
	120
	Set 1’

	Set 2
	0,8
	133
	137
	Set 2

	Set 3
	1
	112
	115
	Set 1

	Set 4
	1
	120
	123
	Set 1’

	Set 5
	0.8
	137
	141
	Set 2



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile
	Comparable+ 23 dBm Parameter Set

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 1
	1
	133
	136
	Set 1

	Set 2
	0,8
	149
	153
	Set 2

	Set 3
	1
	136
	139
	Set 1

	Set 4
	0.8
	153
	157
	Set 2



(c) For 6 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile
	Comparable+ 23 dBm Parameter Set

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 1
	1
	136
	139
	Set 1

	Set 2
	0,8
	152
	156
	Set 2



(d) For 8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile
	Comparable+ 23 dBm Parameter Set

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 1
	1
	136
	139
	Set 1

	Set 2
	0,8
	152
	156
	Set 2


<End of Change> 
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