3GPP TSG-RAN WG1 Meeting #72-bis
R1-131598
Chicago, USA, 15 April – 19 April 2013

Agenda item:
6.3.1
Source:
Nokia Siemens Networks

Title:
Initial uplink system level simulation results for HetNet
Document for:
Discussion

1. Introduction

This document provides initial uplink system level simulation results for the HetNet study item initiated during the last RAN plenary meeting [1]. The provided simulation results correspond to the agreed simulation assumptions [2] and cover a set of the most important variable (configurable) parameters of the HetNet scenario: the low power node (LPN) TX power, the LPN density, and the LPN cell individual offset (CIO).
The goal of the provided simulation results is calibration of the HetNet scenario implementation with other companies contributing to the HetNet study item and analyzing main physical effects impacting the uplink system performance when the HetNet scenario is considered.
2. Simulation Assumptions

The simulation results are provided for two basic scenarios: the baseline scenario (where no LPNs are present in the system) and the HetNet scenario where both macro nodes and LPNs are present. The uplink system performance is compared between the two scenarios and possible gains and drawbacks of the HetNet scenario are analyzed.
All deployment model and system parameters are taken in a correspondence with the agreed set of simulation assumptions for HetNet evaluation. A summary of the simulation assumptions is provided in [2]. The assumed channel model profile is Ped A, 3 km/h, ISD equals to 500 m, LPN dropping is uniform, UE dropping is hotspot-based, and all UEs are modeled as outdoor ones.
The system level simulation parameters not specified in the agreed list of simulation assumptions are the macro Node B and LPN receiver types and the scheduling approach. The SLS results provided in this document are obtained in the assumption of a rake (MRC) receiver with 2 RX antennas. The code division multiplexing (CDM) scheduling is assumed with the overall RoT budget equally divided between all UEs associated to the current Node B.

A summary of system level simulation assumptions for the deployment model and assumptions of the system operation are provided in Table 1 and Table 2 respectively.

Table 1. Deployment model simulation assumptions

	Parameter
	Value

	Cell layout
	Wrap-around hexagonal grid,

19 sites with 3 sectors per site

	Inter-site distance
	500 m

	Carrier frequency
	2 GHz

	Path loss models
	Macro node: L = 128.1 + 37.6log10(R), R in kilometers;
LPN: L = 140.7 + 36.7log10(R), R in kilometers

	Shadow fading standard deviation
	Macro node: 8 dB;

LPN: 10 dB

	Shadow fading correlation
	Inter-Node B correlation: 0.5;
Intra-Node B correlation: 1.0

	Penetration loss
	20 dB

	Macro Node B antenna pattern
	Standard 3GPP Parabolic 2D antenna

	Macro Node B antenna gain (bore sight)
	14 dBi

	Macro Node B antenna pattern width
	70º

	Macro Node B antenna FTB
	20 dB

	Macro Node B noise figure
	5 dB

	Macro Node B TX power
	43 dBm

	Number of LPNs per macro sector
	2, 4

	LPN antenna pattern
	Omnidirectional

	LPN antenna gain (bore sight)
	5 dBi

	LPN TX power
	30 dBm, 37 dBm

	LPN noise figure
	5 dB

	LPN padding
	0 dB

	LPN distribution
	Random and uniform within the deployment area

	Number of UEs per macro sector
	8

	UE antenna pattern
	Omnidirectional

	UE antenna gain
	0 dBi

	Maximum UE TX power
	24 dBm

	User distribution
	50% of users are distributed randomly and uniformly within the deployment area and 50% of users are distributed randomly and uniformly within the radius of LPNs;
the radius equals to 35 m for the LPN power of 30 dBm and 60 m for the LPN power of 37 dBm

	Minimum distance between LPN and Macro node
	75 m

	Minimum distance between two LPNs
	40 m

	Minimum distance between UE and Macro node
	35 m

	Minimum distance between UE and LPN
	10 m

	Thermal noise PSD
	-174 dBm/Hz

	Channel model profile
	Pedestrian A

	Correlation between Node B antennas
	0

	Users speed
	3 km/h

	Interference modeling
	Explicitly modeled interference, given percentage of the strong interferes are modeled with taking into account their temporal and spatial correlation properties, less powerful interferers are modeled by equivalent AWGN noise

	Traffic model
	Full buffer


Table 2. System operation assumptions

	Parameter
	Value

	Transmission mode
	SIMO

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI
	2 ms

	Modulation
	QPSK, 16-QAM, 64-QAM

	Channel estimation
	Realistic

	Macro Node B and LPN receiver type
	Rake

	Number of TX antennas
	1

	Number of macro Node B and LPN RX antennas
	2

	Softer handover
	Disabled

	Soft handover
	Enabled, including soft handover between LPNs and macro nodes

	Maximum active size
	3

	Soft handover parameters
	R1a (reporting range constant) = 4.5dB

R1b (reporting range constant) = 4.5dB

	Cell individual offset for LPNs (CIO)
	0 dB, 3 dB

	Inner loop power control
	On

	Outer loop power control
	On

	Target BLER
	1% after the 4st transmission attempt

	H-ARQ approach
	Chase combining

	Maximum number of HARQ transmissions
	4

	Target RoT for macro Node B and LPN
	6 dB


3. Measured Statistics
The following system operation statistics are analyzed in this document:
1. UE throughput;
2. Sector throughput;
3. Sector RoT;
4. Other cell interference.

Sector RoT is introduced as a ratio of the total power received by a node plus the thermal noise power to the thermal noise power. The other cell interference is introduced the same way as the “non-serving RoT” parameter in [4] and is defined as a ratio of the total power received from all UEs except of the UEs associated to the current node to the thermal noise power.
The statistics corresponding to the HetNet scenario are gathered and plotted over all UEs/Nodes B as well as separately over macro and LPN UEs/nodes.
The mentioned statistics are presented in the format of CDFs plotted over ensembles of the measured parameter values corresponding to different UEs or Nodes B of different drops and preliminarily averaged in the time domain over the duration of each UE drop. Additionally, the throughput gains for the HetNet scenario relative to the baseline scenario are measured in terms of the average UE throughput, and the UE throughput CDF at 5% and 50% percentiles. Finally, the average and 90% RoT values are provided as well as the offloading percentages introduced as an average fraction of UEs associated to LPNs.

4. Simulation Results

This section provides SLS results for two combinations of parameters: the LPN power of 30 dBm, 2 LPNs per macro sector and the CIO of 3 dB (Section 4.1) and the LPN power of 37 dBm, 4 LPNs per macro sector and the CIO of 3 dB (Section 4.2). Then, a summary of SLS results for all combinations of the following parameters: the LPN powers of 30 and 37 dBm, the numbers of LPNs of 2 and 4 per macro sector and the CIO of 0 dB and 3 dB is provided in the tabular format in Section 4.3 moving the detailed statistics to Appendix A.
4.1. LPN Power of 30 dBm, 2 LPNs per Sector and CIO of 3 dB

[image: image1.emf]0 0.5 1 1.5 2 2.5 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

8 UEs per sector, 2 LPN per sector, CIO 3

UE throughput, Mbps

CDF

 

 

Baseline

LPN + Macro

Macro

LPN (30dBm)


Figure 1. CDFs of the UE throughput for the LPN power of 30 dBm, 2 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all UEs and over macro and LPN UEs separately
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Figure 2. CDFs of the sector throughput for the LPN power of 30 dBm, 2 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 3. CDFs of the sector RoT for the LPN power of 30 dBm, 2 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 4. CDFs of the other cell interference for the LPN power of 30 dBm, 2 LPNs per sector and 3 dB CIO for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
4.2. LPN Power of 37 dBm, 4 LPNs per Sector and CIO of 3 dB 
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Figure 5. CDFs of the UE throughput for the LPN power of 37 dBm, 4 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all UEs and over macro and LPN UEs separately
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Figure 6. CDFs of the sector throughput for the LPN power of 37 dBm, 4 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 7. CDFs of the sector RoT for the LPN power of 37 dBm, 4 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
[image: image8.emf]-15 -10 -5 0 5 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

8 UEs per sector, 4 LPN per sector, CIO 3

Other cell interference, dB

CDF

 

 

Baseline

LPN + Macro

Macro

LPN (37dBm)


Figure 8. CDFs of the other cell interference for the LPN power of 37 dBm, 4 LPNs per sector and 3 dB CIO for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
4.3. Summary of SLS Results for Different Simulation Parameters

A summary of SLS results for different parameters is provided in Table 3. 
Table 3. Summary of the uplink HetNet SLS results 
	LPN power, dBm
	LPN density
	CIO, dB
	UL throughput gain [%]
	Macro RoT, dB
	LPN RoT, dB
	Offloading percentage

	
	
	
	Average
	Median
	5%
	Average
	90%
	Average
	90%
	

	30
	2
	0
	135%
	47%
	-91%
	6.2
	6.3
	6.5
	9.5
	26%

	
	
	3
	165%
	87%
	-62%
	6.2
	6.6
	5.9
	7.8
	33%

	
	4
	0
	213%
	90%
	-26%
	6.5
	7.0
	5.7
	9.0
	30%

	
	
	3
	253%
	162%
	16%
	6.5
	7.0
	5.3
	7.6
	38%

	37
	2
	0
	158%
	75%
	-62%
	6.1
	6.4
	5.2
	6.4
	31%

	
	
	3
	167%
	80%
	-91%
	6.3
	7.0
	5.4
	6.3
	40%

	
	4
	0
	252%
	153%
	-65%
	6.1
	6.5
	4.7
	6.4
	41%

	
	
	3
	265%
	198%
	-94%
	6.4
	7.3
	4.9
	6.4
	49%


4.4. Discussions

The provided SLS results (Figure 1, Figure 5, and Table 3) demonstrate significant gains (135% – 265%) of the UE throughput for the HetNet scenario relative to the baseline scenario (that includes macro Nodes B only). The overall throughput gain is provided mostly by the UEs associated to the LPNs; however, macros UEs also experience an increase of their throughput. The main mechanism of the gain consists in offloading of some UEs from macro Nodes B to LPNs. The offloaded UEs are usually closer to their LPN than to the macro Node B which allows reducing their TX power to get the same RX power and the throughput. Therefore, the released RoT budget at the macro Node B may be used to increase the power grants and the throughputs of the macro UEs. Similarly, the most part of the macro associated UEs are closer to the macro Node B than to LPNs which makes available of a considerable RoT budget for the LPN UEs because of the decreased inter-cell interference. Thus, the UE throughput gain mechanism is UE offloading that decreases the level of interference in the system and allows assignment of a larger amount of the power resources to UEs.
However, as can be seen from Figure 1, Figure 5, and Table 3, there are some UE throughput losses (-26% to -94%) for cell edge UEs (the 5% UE throughput percentile) measured in the HetNet scenario relative to the baseline one. These losses are caused by an increased interference generated by the macro UEs and experienced by the LPNs (see Figure 1) or vice versa generated by the LPN UEs and experienced by the macro Nodes B (Figure 5), depending on the portion of the UEs associated to each type of nodes. The LPN cell edge UEs performance degradation is caused by the DL/UL mismatch problem mentioned in [3],[4], [5] and [6] and consisting in association of some UEs to the macro node even having better channel conditions to the LPN due to a higher macro Node B TX power. This leads to a higher power received in uplink by the LPN than by the macro node. The performance degradation for cell edge UEs associated to the macro stations is caused by a generally high number of LPN UEs in the macro sector that creates a high level of interference for the macro stations.
The mentioned effect of strong interference generated by UEs associated to another type of nodes may be also seen from Figure 4 and Figure 8 where the other cell interference in some cases even exceed the target RoT level of 6 dB remaining no power budget to be allocated to the associated UEs. 
The level of interference in LPN could be reduced by applying desensitisation in LPN [5], [6]. However after applying desensitisation in LPN the interference in macro increases. From the simulation results (Figure 4 and 8) we see that even without desensitisation in LPN the interferences in Macro are significant. In this case after LPN desensitisation this Macro interference level could rise to unacceptable level, especially for LPN 37dBm and CIO 3dB. Therefore we can conclude that level of LPN desensitisation could be carefully applied.
The sector throughput distributions provided in Figure 2 and Figure 6 demonstrate that a high number of LPNs (~40%) have a zero throughput which is explained by absence of associated UEs. The absence of associated UEs to some LPNs also explains the RoT distribution tails (Figure 3 and Figure 7) where the power received by some LPNs consists only of the other cell interference and, hence, is below the target level of 6 dB.

A comparison of the results for different parameters provided in Table 3 demonstrates that more powerful LPNs and higher LPN densities provide a higher offloading percentage and generally higher throughput gains than less powerful LPNs and lower densities. The usage of the CIO value of 3 dB also provides higher average throughput gains due to overcoming of the DL/UL mismatch problem. However, the usage of high LPN densities with a high LPN TX power may cause significant cell edge UE throughput losses (-95%), especially if the CIO of 3 dB is applied, because of a too high number of LPN UEs (up to 50%) and significant interference generated by LPN UEs to the macro Nodes B.
5. Conclusions

This document provided initial SLS results for HetNet obtained in a correspondence with the agreed set of simulation assumptions [2]. 
The provided simulation results demonstrate significant UE throughput gains of 135% – 265% provided by the HetNet scenario in comparison with the baseline one (where only macros Nodes B are present). The main mechanism of the gains is UE offloading decreasing the level of interference in the system and allowing for assignment of a larger amount of the power resources to UEs.
A comparison of the simulation results with different HetNet scenario parameters demonstrate that higher LPN densities and higher LPN TX powers provide a higher offloading percentage and, hence, higher UL throughput gains than lower LPN densities and lower LPN TX powers. However, the offloading percentage should be limited from the macro Node B performance perspective, because a too high level of interference provided by the LPN UEs may cause significant cell edge throughput losses for UEs associated with the macro stations. The usage of the CIO value of 3 dB in comparison with the CIO value of 0 dB provides higher average throughput gains due to partial overcoming of the DL/UL mismatch problem.
The simulation results are qualitatively similar to the results provided by other companies [3], [4] with the same behavior of the results for different simulation parameters, however, the absolute throughput values for the HetNet scenario are lower. It may be explained by possibly different scheduler assumptions used by different companies.

Some cell edge UE losses (-26% to -94%) of the HetNet scenario relative to the baseline one are also observed from the simulation results and are explained by the effect of very strong interference generated by the macro UEs and received by LPNs or vice versa generated by LPN UEs and received by macro Nodes B. The uplink performance of cell edge UEs in the HetNet scenario, however, can be improved by more efficient power grant distribution within each sector and/or by more efficient LPN positioning within a macro sector as well as by additional techniques intended for compensation of the DL/mismatch like the desensitisation ([3], [5], [6]) which should be carefully applied due to significant effect on macro interference level.
References

[1] RP-121436, “Proposed SID: Study on UMTS Heterogeneous Networks”, Huawei, HiSilicon, Qualcomm Incorporated, Ericsson, ST-Ericsson, Telecom Italia, Teliasonera, Orange, Telefonica, Nokia Siemens Networks
[2] R1-125312, “TP on Simulation Assumptions for Study on HSPA Heterogeneous Networks”, Huawei, HiSilicon
[3] R1-130633, “Uplink System Performance of Hetnets in Co-channel Scenarios with Full Buffer Traffic”, Qualcomm
[4] R1-130508, “System Simulations for Uplink Co-channel Interference Scenario”, Huawei, HiSilicon
[5] R1-130669 “Comments on DL-UL link imbalance problems”, Nokia Siemens Networks
[6] R1-131600 “Considerations on Strong Imbalance Zone”, Nokia Siemens Networks
Appendix A. SLS Results for Additional Simulation Parameters

A.1. LPN Power of 30 dBm, 2 LPNs per Sector and CIO of 0 dB
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Figure 9. CDFs of the UE throughput for the LPN power of 30 dBm, 2 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all UEs and over macro and LPN UEs separately
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Figure 10. CDFs of the sector throughput for the LPN power of 30 dBm, 2 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
[image: image11.emf]0 2 4 6 8 10 12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

8 UEs per sector, 2 LPN per sector, CIO 0

Sector RoT, dB

CDF

 

 

Baseline

LPN + Macro

Macro

LPN (30dBm)


Figure 11. CDFs of the sector RoT for the LPN power of 30 dBm, 2 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately 
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Figure 12. CDFs of the other cell interference for the LPN power of 30 dBm, 2 LPNs per sector and 0 dB CIO for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
A.2. LPN Power of 30 dBm, 4 LPNs per Sector and CIO of 0 dB
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Figure 13. CDFs of the UE throughput for the LPN power of 30 dBm, 4 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all UEs and over macro and LPN UEs separately
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Figure 14. CDFs of the sector throughput for the LPN power of 30 dBm, 4 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 15. CDFs of the sector RoT for the LPN power of 30 dBm, 4 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 16. CDFs of the other cell interference for the LPN power of 30 dBm, 4 LPNs per sector and 0 dB CIO for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
A.3. LPN Power of 30 dBm, 4 LPNs per Sector and CIO of 3 dB
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Figure 17. CDFs of the UE throughput for the LPN power of 30 dBm, 4 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all UEs and over macro and LPN UEs separately
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Figure 18. CDFs of the sector throughput for the LPN power of 30 dBm, 4 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 19. CDFs of the sector RoT for the LPN power of 30 dBm, 4 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 20. CDFs of the other cell interference for the LPN power of 30 dBm, 4 LPNs per sector and 3 dB CIO for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
A.4. LPN Power of 37 dBm, 2 LPNs per Sector and CIO of 0 dB
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Figure 21. CDFs of the UE throughput for the LPN power of 37 dBm, 2 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all UEs and over macro and LPN UEs separately
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Figure 22. CDFs of the sector throughput for the LPN power of 37 dBm, 2 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 23. CDFs of the sector RoT for the LPN power of 37 dBm, 2 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately 
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Figure 24. CDFs of the other cell interference for the LPN power of 37 dBm, 2 LPNs per sector and 0 dB CIO for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
A.5. LPN Power of 37 dBm, 2 LPNs per Sector and CIO of 3 dB
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Figure 25. CDFs of the UE throughput for the LPN power of 37 dBm, 2 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all UEs and over macro and LPN UEs separately
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Figure 26. CDFs of the sector throughput for the LPN power of 37 dBm, 2 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 27. CDFs of the sector RoT for the LPN power of 37 dBm, 2 LPNs per sector and the CIO of 3 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 28. CDFs of the other cell interference for the LPN power of 37 dBm, 2 LPNs per sector and 3 dB CIO for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
A.6. LPN Power of 37 dBm, 4 LPNs per Sector and CIO of 0 dB
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Figure 29. CDFs of the UE throughput for the LPN power of 37 dBm, 4 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all UEs and over macro and LPN UEs separately
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Figure 30. CDFs of the sector throughput for the LPN power of 37 dBm, 4 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 31. CDFs of the sector RoT for the LPN power of 37 dBm, 4 LPNs per sector and the CIO of 0 dB for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
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Figure 32. CDFs of the other cell interference for the LPN power of 37 dBm, 4 LPNs per sector and 0 dB CIO for the baseline scenario and the LPN scenario measured over all sectors and over macro and LPN sectors separately
