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1
Introduction
In the last RAN4 meeting #39, simulation assumptions for LTE UL co-existence studies were discussed [1-4], and discussions on open issues continued in the LTE e-mail reflector. Among the simulation assumptions, UL power control algorithm is specially a key factor, because it can determine the LTE UL performance. In other words, if realistic UL power control algorithms and parameters were not used, we could not appropriately evaluate the LTE co-existence with LTE and other systems. 
This contribution provides simulation results on cell throughput and user throughput based on several sets of UL power control parameters, and proposes appropriate ones for LTE RF co-existence studies. 
2 UL TPC parameters
In the e-mail reflector, it was proposed that the following power control equation shall be used for the initial uplink co-existence simulations:
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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, Pathlossx-ile is the x-percentile path loss (plus shadowing) value. If x set to 5, then statistically 5 percent of UEs with bad channels will transmit at Pmax.  Finally, 1>>0 is the balancing factor for UEs with bad channel and UEs with good channel.
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, the above equation is the same as:
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N is the BS noise floor; Pathloss includes antenna gain, shadow fading and MCL
In the e-mail discussions,  = 0.8 and Pathlossx-ile = 134 dB was proposed. However, it seems that these parameters might be conservative from a system performance point of view, i.e. other parameter sets could enhance both cell throughput and user throughput. Therefore, we evaluate the cell throughput and user throughput using the following parameters sets in Table 1: 
Table 1 UL TPC parameters
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	Case 1
	0.8
	134
	21
	0.8

	Case 2
	0.8
	129
	25
	0.8

	Case 3
	0.6
	138
	45
	0.6


( and  are calculated assuming that N is -99.3 dB (10 MHz, 3 users per sub-frame, assuming 5 dB noise figure))
Case 1 is the parameters proposed in the e-mail reflector. Case 2 provides higher UE transmission power level than Case 1 using the same balancing factor. Case 3 provides higher UE transmission power level than Case 1 using another balancing factor. From an operator point of view, it is important to evaluate LTE performance using more aggressive fractional TPC parameters, because it is one of the key techniques to enhance the system performance.
3 Simulation results
The simulation parameters are summarized in Annex A. Figure 1 presents CDF of user throughput, and Table 1 summarizes cell throughput and 5-percentile user throughput for each case. The results indicate that both Case 2 and Case 3 could significantly increase both the cell throughput and the 95-percentile user throughput. It means that Case 2 and Case 3 are preferable to Case 1, from an operator point of view. Regarding the balancing factor, the change from 0.8 to 0.6 increases the deviation of the user throughput, and the cell throughput, i.e. the system capacity increases, while the fairness of user throughputs slightly decreases. It would depend on each network operator’s policy what value the balancing factor is set to.
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Figure 1 User throughput
	
	Cell throughput [Mbps]
	95-percentile user throughput [bits/RB]
	5-percentile user throughput [bits/RB]

	Case 1
	3.4 (1)
	130 (1)
	26 (1)

	Case 2
	4.4 (1.28)
	170 (1.29)
	30 (1.16)

	Case 3
	5.2 (1.53)
	260 (1.97)
	17 (0.66)


4 Conclusions

We evaluated the cell throughput and user throughput using several UL TPC parameters. The results indicated that Case 2 and Case 3 provide could increase both cell throughput and peak user throughput. We propose that RAN4 should use Case 2 (
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Annex A. Simulation parameters

The parameters are based on the RAN4 internal TR, E-UTRA RF system scenarios [5].

	MCL
	70 dB

	Cellular layout
	Hexagonal, 3-tiers (19 cell wrap-around)

	Sectorization
	3 sectors/cell

	BS antenna pattern
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	BS antenna gain
	15 dBi

	MS antenna gain
	0 dBi

	Log normal shadowing
	Standard Deviation of 10 dB

	Site-to-site shadow correlation coefficient
	0.5

	Handover margin
	3 dB

	Noise figure of BS receiver
	5 dB

	Thermal noise (NF included)
	-99.3 dBm@10MHz

	Max TX power of MS
	24 dBm

	Power control dynamic range
	54 dB

	Cell range
	500 m

	Allocated RB width per UE
	 8*375 kHz

	Traffic model
	 Full buffer traffic model

	Scheduler
	 Round robin
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