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1
Introduction
In the previous 3GPP RAN1 meetings a Strong Mismatch Zone (SMZ) concept was presented [1]. In [2] we have presented a method how to identify UEs located in Strong Mismatch Zones and in [3] we have presented concepts of several methods to mitigate interference originating from macro UEs located in SMZ affecting LPNs. In this contribution we would like to presents SLS results gathered from one of the abovementioned and previously described methods i.e. limit UL throughput for particular, identified UEs in SMZ. 
2
Limit UL throughput for identified UEs in SMZ
2.1
Introduction
Identifing UEs in Strong Mismatch Zones and limiting their UL throughput has been described in [3]. It enables the mitigating of LPN UL interference originating from macro UEs located in SZM by applying rate control using e.g. E-TFCI restriction. By reducing the system resources allocated for such UEs less interference will be observed at the LPN side. This situation has been depicted in Figure 1 below:
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Figure 1 UE UL transmission received at LPN drops following the reduction of UE power grant scheduled by the macro cell towards a UE in SZM
2.2
Simulation model
To verify the abovementioned concept we have performed simulations for 8 and 16 UEs per sector where LPN power was set to 30dBm and a 3dB CIO was configured. A more detailed simulation assumptions description has been listed in Appendix B. The contour (outer boundaries) of SMZ, where SINR difference between macro and LPN equals 0, has been denoted the Uplink Switching Point (USP). It was assumed that lower serving grants will be applied to all macro UEs which crossed USP and the reduction will be proportional to the SINR difference between the macro and LPN cell. For those UEs the following throughput reduction over the original grants has been applied:
· 70% of throughput in case of SINR difference = 0 - 3 dB 
· 50% of throughput in case of SINR difference = 3 - 6 dB
· 30% of throughput in case of SINR difference > 6 dB
Additionally, UEs have not been dropped in the SHO area (between macro and LPN) to fully visualize gains achieved by this method. 
2.3
System Level Simulation results

The limited throughput of macro UEs in SMZ implies that those UEs are creating less interference towards LPNs. The comparison between the level of other cell interference for USP on (USP 1.1) and off (USP off) has been shown in Figure 2, below.
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Figure 2 other cell interference (OCI) for macro UEs in Strong Mismatch Zone, 8 UEs per sector
Without the application of the USP concept the interference level observed at the LPN originating from the macro UEs in SMZ are large to the extent that they could even block the LPN receiver. This could happen for cases when RoT coming from other cells would be higher than 6dB. 
With the application of the USP concept  the level of interference is significantly decreased in LPN. The CDF from Figure 2 reveals that for the median value the interference is decreased by 4dB. This proves that with this method we are able to control the interference in LPN originating from macro UEs located in SMZ. The level of interference control can be  changed according to requirements by applying different limitation of throughput for macro UEs in SMZ for particular values of SINR difference. 

After significantly decreasing interference in LPN by applying discussed method we have achieved two positive aspects in network:

1) Less interference in LPN means that UE can transmit with lower power and less interference is generate towards macro cell,
2) Less interference in LPN also implies that better SINR conditions and more RoT budget are available in LPN for own users hence better throughput performance can be achieved.
The total other cell interference level in macro and in LPN has been shown in Figure 3, below. From the plot we can observe that interference in macro is also decreased with the application of the method described above. 
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Figure 3 total other cell interference in macro and LPN, 8 UEs per sector
The Total RoT graphs are presented in Figure 4, below.
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Figure 4 total RoT in macro and LPN (left-all sectors, right-non empty sector), 8 UEs per sector
The freed RoT budget available at the macro after applying the method has not been re-distributed to remaining macro UEs outside SMZ in the presented simulation results. However, this budget could be re-distributed to macro UEs outside SMZ, such that the throughput gain would have been better in macros than shown in this paper. 
The decreased interference in LPN allows the achievement of better throughput performance. This has been shown in Figure 5, below.
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Figure 5 UE throughput (left) and non empty sector throughout (right), 8 UEs per sector
The summary gain is presented in Table 1, below.

Table 1 UL throughput gains for 8 and 16 UEs with USP mode on and off.
	LPN Power 
	USP 
	Number of UEs per sector 
	UL Throughput Gain [%]
	UL Throughput Gain [%] (Macro UEs Only) 
	UL Throughput Gain [%] (LPN UEs Only) 

	
	
	
	Avg 
	Median
	5%
	Avg 
	Median
	5%
	Avg 
	Median
	5%

	30dBm 
	OFF 
	8 
	228 
	127 
	68 
	70 
	62 
	62 
	510 
	524 
	134 

	
	ON 
	8 
	256 
	155 
	14 
	66 
	55 
	5 
	595 
	586 
	564 

	
	OFF
	16 
	326 
	125 
	41 
	64 
	67 
	32 
	779 
	769 
	188 

	
	ON
	16 
	372 
	141 
	1 
	59 
	60 
	-17 
	913 
	882 
	551 



It can be observed that a certain gain in average and median LPN throughput and significant gain in LPN cell edge has been achieved with the application of the USP. In the macro cell we generally have same performance even though the macro UEs UL throughput in the SMZ has been decreased. This effect can be explained through the lower interference level experienced by the macro cell and better SINR allowing higher throughputs. The free macro noise rise budget was not reused in the hereby described simulations, however we can expect that once they would be taken into account also macro gains would manifest.  
The same set of results but for 16 UEs per sector have been presented in Appendix A. 
3 Conclusions

In this paper we have analyzed the USP method and its influence on UEs located in the SMZ. Simulation results have shown that due to the reduction of serving grants for macro UEs located in the SMZ LPN UEs were able to achieve higher throughputs, while the throughput level at the macro cell has been maintained at the same level. It is important to note that additionally the LPN interference level originating from macro can be limit to less than 6dB. Hence, this feature enables controlling of interference level from macro UEs in SMZ towards LPN preventing potential LPN receiver blockage due to too high interference. At the same time it provides higher throughput gains, especially in the small cells layer. 
Other three methods presented in [3] i.e. changed identified UEs carrier frequency, applying CIO at LPN to add the LPN to UEs Active Set and applying desensitization might increase the area of usability the USP and provide further gains in overall system performance.
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Appendix A

Simulation results for 16 UEs per sector scenario are presented in this section. 
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Figure 6 Other cell interference for macro UEs in Strong Mismatch Zone, 16 UEs per sector
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Figure 7 Total other cell interference in macro and LPN, 16 UEs per sector
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Figure 8 Total RoT in macro and LPN (left-all sectors, right-non empty sector), 16 UEs per sector
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Figure 9 UE throughput (left) and non empty sector throughout (right), 16 UEs per sector
Appendix B 
Simulation assumptions are presented in table below.
	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Cell Layout
	57 cell hexagonal

	Inter-site distance
	500 m

	Number of LPNs 
	4 

	Deployment of LPNs 
	Minimum distance between LPN and macro cell: 75m 
Minimum distance between LPNs: 40m 

	Dropping criteria for LPNs 
	LPNs are randomly and uniformly distributed within a macro cell. 

	Number of UEs
	8, 16 

	Deployment of UEs 
	The minimum distance between UE and macro cell is 35m 
The minimum distance between UE and LPN is 10m 

	Dropping criteria for UEs 
	50% Hotspot UE dropping (60m radius for 37dBm, 35m radius for 30dBm)

	RoT
	Macro cell: 6dB
LPN: 6dB

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometers 
LPN: L=140.7 + 36.7log10(R), R in kilometers 

	Log Normal Fading
(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)
Inter-Node B Correlation: 0.5
Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	3GPP ant (2D ant):   A(θ) = – min[12(θ/θ3dB)2, Am]                                              
θ3dB = 70 degrees, Am = 20 dB
LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of NodeB 
	Macro Node: 43dBm

LPN: 37 dBm; 30 dBm 

	Max BS Antenna Gain
	Macro cell: 14dBi

LP cell: 5 dBi 

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	UE Noise Figure
	9 dB

	Total overhead power
	20% (SIMO)

	Soft Handover Parameters
	· R1a (reporting range constant) = 4.5dB

· R1b (reporting range constant) = 4.5dB

	CIO
	3 dB

	Max active set size
	3

	HARQ operating point 
	UL: 1% Residual BLER after 4th transmission 

	LPN padding 
	0 dB 


Table 2 Simulation assumptions
