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1 Introduction
In last RAN4 meeting, the uplink power control methodology for LTE MR BS has been discussed extensively. Different PC parameters were proposed based on different assumptions by interested companies [1~3]. In the way forward it was agreed that PC 3 (assuming the path loss compensation factor γ= 1) for LTE MR BS shall be defined. In this contribution, we further elaborate on this discussion and update the proposal based on additional simulation results (Micro-to-Micro).
2 Methodology of selecting PC parameters
2.1 Principles
Based on the analysis in [1], it was suggested that the principles of selecting uplink power control parameters for LTE WA BS in Rel-8 coexistence studying could be adopted for LTE MR BS. Here, we iterate the principles as following:
· To ensure coexistence as much as possible, the interference caused by the interfering UEs to the victim UTRA or E-UTRA system should be minimized. This implies that the interfering UEs transmit power should be tightly controlled.
· To provide realistic coexistence results, the aggressor E-UTRA systems are expected to operate under normal conditions, in other words, have both good cell throughput and cell edge user throughput.
Therefore power control parameters would be determined based on system simulation with taking into account of both single network performance and multi-operators co-existence requirement. More specifically, the following simulation cases in Table 1 could be necessary to define LTE MR BS power control parameter. 
It is noted that the simulation cases 1~4 are also required when defining LTE MR BS reference sensitivity, so the proposed simulation cases don’t cause additional burden on RAN4 simulation workload.
Table 1 Simulation Cases for LTE MR BS uplink power control
	Multi-operators: EUTRA Micro to EUTRA/UTRA Macro

	Case
	Aggressor
	Victim
	Simulated link
	Network Layout
	Statistics

	1
	E-UTRA

Micro
	E-UTRA

Macro
	Uplink
	Micro + 
Macro (ISD = 500 m)

(Figure 6.3.1.2-3)
	Throughput loss

	2
	E-UTRA

Micro
	UTRA

Macro
	Uplink
	Micro + 
Macro (ISD = 500 m)

(Figure 6.3.1.2-3)
	Capacity loss

	Multi-operators: EUTRA Micro to EUTRA/UTRA Micro

	Case
	Aggressor
	Victim
	Simulated link
	Network Layout
	Statistics

	3
	E-UTRA

Micro
	E-UTRA

Micro
	Uplink
	Micro + micro 
(Figure 6.3.1.2-6))
	Throughput loss

	4
	E-UTRA

Micro
	UTRA

Micro
	Uplink
	Micro + micro 
(Figure 6.3.1.2-6)
	Capacity loss

	Single operator: E-UTRA Micro

	Case
	Evaluated System
	Simulated link
	Network Layout
	Statistics

	5
	E-UTRA Micro
	Uplink
	Micro
(Figure 6.3.1.2-1)
	Throughput


2.2 Power control equation
Two equations are provided in TR36.942 for calculating LTE UE transmit power. One equation defines UE transmit power based on comparing the realistic path loss with a reference point PLx-ile, as show by Equation 1: 
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Where, PLx-ile is the x-percentile path loss. 

For LTE MR BS, Figure 1 shows the path loss CDF between MR BS and its serving UEs. If using 95% CDF path loss point as PLx-ile (about 77dB) in the uplink power control equation, LTE Micro system will cause quite high interference to the adjacent system as well as its own system. Table 2 shows that the average IoT (Interference over Thermal) of LTE Micro single system is as high as 41.7dB with assuming NFLTE MR=11dB, and more important, it causes unacceptable system performance degradation to different adjacent systems. Some similar results could be also founded in [2]. Even we chose the highest path loss observed in the Micro deployment scenario, the IOT is still very high which means that the interference to adjacent system will still be unacceptable. However according to the simulations in [1], the self system performance as well as the interference to adjacent systems is well balanced if a higher PLx-ile is chosen. A minor problem is that this might make the PLx-ile a litter bit misleading since the proposed PLx-ile value does not exist in the Micro deployment. Therefore PLx-ile can be regarded as a “virtual path loss” and is served just as a balance factor for UE transmission power.  
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Figure 1 Path loss CDF between Micro BS and UE
Table 2 Single and multi-operators coexistence simulation results with PLx-ile = 77dB for LTE Micro
	Single system

	Scenario
	Average IoT (assuming LTE Micro BS NF=11dB)

	LTE Micro
	41.7dB

	Multi-systems coexistence

	Aggressor
	Victim
	Average Throughput/Capacity loss

	LTE Micro UL
	LTE Macro UL
	31.8%

	
	LTE Micro UL
	1.3% 

(Note: the same PC set is applied for aggressor and victim system)

	
	UTRA Macro UL
	92.5%

	
	UTRA Micro UL
	96.5%


The other equation that RAN4 also uses for uplink power control is referred from RAN1 TS36.213, in which the setting of the UE Transmit power 
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 in subframe i is defined by Equation 2:
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is the path loss compensation factor which is assuming to be 1.0 for LTE Micro. 
Thus in Equation 2 only one parameter
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(the wanted signal power per RB received at the BS) is undetermined. The method of selecting a proper value for
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 shall follow the aforementioned principles in Section 2.1, i.e. 
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shall be simulated to ensure coexistence as much as possible.
Therefore, both Equation 1 and 2 could be applied for LTE Micro uplink power control, and shall be equivalent since they follow the same principles when defining the power control parameters.  
3 Simulation results
According to the principles of selecting PC parameter, we have provided coexistence simulation results for LTE Micro to LTE/UTRA Macro in the previous meeting [1]. In this section, we provide additional simulation results for LTE Micro to LTE/UTRA Micro in order to investigate how interference from an aggressor LTE Micro reduces performance of a victim LTE/UTRA Micro system in an adjacent channel at ACIR level of 30dB. 

3.1 Coexistence with other system
Table 3 shows part of PC parameters that have been evaluated in our simulation. 
Table 3 PLx-ile/PO_PUSCH for Micro BS (with γ=1)
	Simulation Cases 
	PO_PUSCH (dBm)
	PLx-ile (dB)

	1a
	-97
	108

	1b
	-95
	106

	1c
	-93
	104


For LTE Micro coexisting with LTE Micro system, the simulation results show that:

·  For LTE Micro to LTE Micro scenario, different power control parameters don’t have much impact on the degradation (~1.4%) in average and cell edge throughput of victim Micro LTE system, since both aggressor and victim LTE Micro system use the same PC set.
·  For LTE Micro to UTRA Micro scenario, Micro UTRA system is much more susceptible to the interference from other system. Table 4 shows that by applying γ=1 and PO_PUSCH=-95dBm (or PLxile=106dB), the capacity loss of UTRA Macro is 2.4%, and further increasing aggressor LTE UE transmit power could cause more than 5% capacity degradation of victim UTRA system. 
Table 4 Micro UTRA capacity loss for LTE Micro to UTRA Micro scenario
	Simulation Cases
	LTE Micro to UTRA Micro

Cell capacity loss (%)

	1a 
	2.4

	1b 
	2.4

	1c 
	7.1


3.2 Proposed PC parameter
By summarized the all the results as below in Table 5, it is suggested that PO_PUSCH=-95dBm or PLx-ile = 106dB could be chosen as a comprise to meet the aforementioned objectives: 1) Good cell throughput and cell edge user throughput for the aggressor E-UTRA Micro system; 2) Minimized interference to the other UTRA or E-UTRA system.

Table 5 Simulation results for LTE Micro coexisting with other systems

	Simulation Cases
	LTE Micro to LTE Macro (ISD:500m)
	LTE Micro to UTRA Macro (ISD:500m)
	LTE Micro to LTE Micro
	LTE Micro to UTRA Micro

	
	Cell throughput loss (%)
	Cell capacity loss (%)
	Cell throughput loss (%)
	Cell capacity loss (%)

	1a (PO_PUSCH=-97dBm)
	0.09
	1.0
	1.4
	2.4

	1b (PO_PUSCH=-95dBm)
	0.14
	3.0
	1.4
	2.4

	1c (PO_PUSCH=-93dBm)
	0.22
	4.7
	1.4
	7.1


4 Conclusion
Proposal: It is suggested to use the power control parameters listed in Table 6 for E-UTRA Micro coexistence studying. 
Table 6 Power control parameters for LTE MR BS
	Parameter set
	Gamma
	10 MHz bandwidth

	
	
	PO_PUSCH 
	PLx-ile

	PC 3
	1
	-95dBm
	106 dB
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Text Proposal
<TP for BS classes TR>
6.3.5 Power control model (PC3)


In TR36.942, the following two power control equations are used for coexistence studying:
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These two equations shall be equivalent since they follow the same principles as below when determining the corresponding power control parameters (PO_PUSCH / PLx-ile).
·  To ensure coexistence as much as possible, the interference caused by the interfering UEs to the victim UTRA or E-UTRA system should be minimized. This implies that the interfering UEs transmit power should be tightly controlled.
·  To provide realistic coexistence results, the aggressor E-UTRA systems are expected to operate under normal conditions, in other words, have both good cell throughput and cell edge user throughput.
According to the above principles, system simulations are needed to obtain PC3 for E-UTRA Micro with taking into account of both single network performance (E-UTRA Micro) and multi-operators co-existence requirement (E-UTRA Micro to E-UTRA/UTRA Macro/Micro). The simulation results show that the victim UTRA system is quite susceptible to the interference from E-UTRA Micro system. Therefore to ensure coexistence with UTRA system, PC3 in Table 6.3.5-1 is suggested for E-UTRA Micro BS.
Table 6.3.5-1 Power control parameters for E-UTRA MR BS
	Parameter set
	Gamma
	10 MHz bandwidth

	
	
	PO_PUSCH 
	PLx-ile

	PC 3
	1
	-95dBm
	106 dB


<End of TP>
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