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Introduction
In earlier RAN4 meetings co-existence simulation results based on the agreed assumptions in [1] for LTE-UTRA FDD UL have been presented. This contribution discusses ways that these results should be interpreted.

Analysis

Earlier WCDMA – WCDMA simulations performed using similar network deployment scenario as used for LTE-UTRA FDD co-existence studies have shown that ACIR=ACLR of about 30 to 35dB (corresponding to 0 to 5 dB in Figure 1) is needed to give less than 5% capacity loss.  This 5% capacity loss was seen acceptable at the time. The LTE-UTRA FDD UL simulation results presented in RAN4 show that with the PC set 2 power control parameterization LTE is not any worse interferer than WCDMA, but with more aggressive power control parameters, i.e. PC set 1, some 5-10dB lower emission level would seem necessary for achieving the same capacity loss.
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Figure 1. LTE 5MHz – UTRA FDD UL averaged results – Averaged results taken from spreadsheet provided by SIEMENS
The simulation results are not actually that surprising. In static system simulations the interference, which causes losses in victim system, is directly related to the powers in interfering system.
When LTE is the interfering system there are only three users active at the time. Each LTE user transmits with a level that maps to either 6.7 or 15.8dB mean C/N for PC Set 2 and PC Set 1 respectively.

With above assumption the level of interfering system powers can be approximated as shown in Table1 below.
Table 1. Relative power levels
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	750m ISD
	Mean [dBm]
	STD [dB]
	50-% [dBm]

	ACIR100 PC set 1 R250
	15.8
	0.02
	15.8

	ACIR100 PC set 2 R250
	6.7
	2.0
	6.5


Figure 2.  LTE 5MHz – UTRA FDD UL C/N CDF curves for PC Set 2 (left) and PC Set 1 (right)
This simple approximation tells that with PC set 1 the LTE is about 9dB stronger interferer than LTE with PC set 2.
LTE throughputs have been simulated using larger network than agreed layout in co-existence studies [1] and results are shown below. The difference between PC set 1 and PC set 2 is about 6%.
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Figure 3. User and cell throughputs
Table 2: User and Cell Throughput level approximations
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Comparison of Energy/Bit/Hz of the three cases is shown in table below. The analysis shows that LTE with PC set 1 has significantly lower E/Bits/Hz.
Table 3: Comparison of Energy/Bit/Hz
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The glance at the simulated LTE UE TX power distributions and C/(N+I) distributions shows the same thing. With PC set 1 the LTE UE output powers are significantly higher than with PC set 2, but there is very little difference in C/(N+I) curves resulting in small differences in throughput.
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Figure 4. LTE UE TX output power with PC set 1 and 2 with different ISD and corresponding C/(N+I) curves
This approximation, which is done, using the mean power, does not however give very accurate results as the distributions play also important role. On the other hand the analytical results match fairly well with the presented simulation results.

Conclusions

Both analytical and simulated results seem to indicate that in order to have similar UL co-existence performance with R99 UTRA FDD to R99 UTRA FDD and LTE to R99 UTRA FDD better ACLR performance would be required from LTE UE if aggressive power control assumptions are used in LTE system. On the other hand the analysis shows that using more aggressive power control parameters in LTE does not bring significant throughput improvements in larger network as C/(N+I) will be limited by the intra-system interference.
The difference in throughputs between PC set 1 and 2 will get larger if data is collected from smaller scenario where border cells play larger role as in agreed RAN 4 scenario without wrap-around. The reason for this is that cells at the edge of the network are not that heavily impacted by the intra-system interference. However setting the UE performance requirement based on the worst case assumptions may lead to far too stringent requirements and uncompetitive implementations.
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	1500m ISD
	Mean [dBm]
	STD [dB]
	50-% [dBm]

	ACIR100 PC set 1 R500
	15.6
	1.2
	15.8

	ACIR100 PC set 2 R500
	4.7
	2.2
	4.5


Figure 2. LTE 5MHz – UTRA FDD UL C/N CDF curves for PC Set 2 (left) and PC Set 1 (right) ISD 1500m
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	2250m ISD
	Mean [dBm]
	STD [dB]
	50-% [dBm]

	ACIR100 PC set 1 R750
	15.0
	2.4
	15.8

	ACIR100 PC set 2 R750
	3.5
	2.2
	3.3


Figure 2. LTE 5MHz – UTRA FDD UL C/N CDF curves for PC Set 2 (left) and PC Set 1 (right) ISD 2250m
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