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1 Introduction

To resolve the issue that the presence of CSG Home eNB (HeNB, or Femto cell) may cause strong interference to non-CSG users in close proximity in a Macro-Femto deployment scenario, RAN1#62 has agreed the following way forward [1]:

· Macro-Femto: 

· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

In this contribution, we study the power setting solutions in Macro-Femto scenario via system-level simulations.  Based on the simulation study and analysis, it is proposed to include no power setting formula and leave the power setting to be an implementation method. Only new requirement on HeNB transmission power needs to be defined in RAN4.   
2 HeNB power setting solutions
A few HeNB power setting solutions may be considered and are described as follows:

S1: Open-loop HeNB power setting
This method does not require any feedback/information/signalling for the HeNB power setting, whereby the feedback may mean either the HeNB’s UE measurement or any feedback from MeNBs or MUEs.  The HeNBs just limit their transmission power to a low level.  In this case, the HeNBs are not aware of whether any UEs are victimized by their transmissions, but they reduce their power unless they are in situations where they need to increase the power (for example, to prevent outage).
In our simulations presented in the following section, this method is implemented by simply reducing all HeNB transmission power uniformly by x dB from its maximum transmission power of 20 dBm.
S2: HeNB power setting based on listening

For this method to work, the HeNBs adjust their transmission power based on their HUE measurements or their listening to the MeNB interference.  In this case, the HeNBs are not aware of whether any UEs are victimized by their transmissions, but they reduce their power when they determine that they are likely to cause interference to other cell’s UEs.  
In this contribution, we focus on the case that the transmission powers of the HeNBs with high geometry UEs are reduced.
S3: HeNB power setting based on victim awareness
This method adjusts the HeNB transmission power when the HeNB is aware of or is made aware of any UEs victimized by this HeNB’s interference.  For example, the victim UE may directly signal the strong-interfering HeNB or signal its serving MeNB which further notifies the strong-interfering HeNB.  In this case, the HeNB knows whether the victims exist for certain.
In our simulations, this method is implemented by reducing the HeNB transmission power if the HeNB is a dominating interferer to some MUE.

To compare these power setting solutions, we note that S1 is the simplest and S3 is the most complex.  S3, however, is the most effective and S1 is the least effective one in terms of reducing network-wide outage while still preserving the throughput benefit of using HeNBs.  Several formulas along the line of S2 and S3 for determining the power setting levels were proposed and studied in e.g. [6], [7].
3 Simulation results and analysis
3.1 Simulation methodology
We consider the urban-dense femto deployment scenario.  We consider a UE in outage if its CCH SINR is below -4 dB.  Additional simulation assumptions can be found in Appendix A.  We evaluate the UE SINR distributions via system-level simulations with different power setting solutions.  It should be noted that the UE geometry (long-term C/I) does not accurately reflect the actual UE CCH SINR and hence is not an accurate metric for determining UE outage.  This is especially so in Macro-Femto deployment scenarios since the HeNBs serve very limited numbers of UEs; in the simulations each HeNB serves only 1 UE.  As a consequence, the control region of the HeNB is largely unused and does not cause as high interference as a heavily loaded eNB does.  Therefore, it is needed to compute the UE CCH SINR explicitly in order to more accurately determine UE outage probability and the requirements for power setting.  
To see the difference between the geometry and CCH SINR, Figure 1 illustrates the CDF curves for both HUEs and MUEs.  The difference at the low SINR regime of these two can be as large as 10 dB.  Table 1 compares the 5%ile SINR values for geometry versus CCH SINR, as well as the probabilities that the SINR is lower than -4 dB for geometry versus CCH SINR, which highlights the need for distinguishing geometry and CCH SINR.
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Figure 1 – UE geometry versus CCH SINR CDF 
Table 1 – Comparison between Geometry and CCH SINR

[image: image2.emf]5%ile SINR (dB)Pr(SINR<-4dB)5%ile SINR (dB)Pr(SINR<-4dB)

HUEs 0.7 1.9% 5.3 0.4%

MUEs -24.5 21.8% -14.4 13.6%

All UEs -17.3 12.0% -7.8 7.1%

Geometry CCH SINR


3.2 Simulation results for S1: Open-loop HeNB power setting
In these simulations, we simply reduced all HeNB transmission power by x dB from their maximum transmission power of 20 dBm.  The value of x was chosen to be 0 (baseline no power reduction case), 5, and 10.  It can be seen from below figure and table that as the power reduction increases from 0 dB to 10 dB, the overall UE outage probability decreases; however, the HUE outage probability increases slightly since even those HeNBs serving low SINR HUEs had to reduce their power.  Nevertheless, this still amounts to a simple but effective solution to manage HeNB transmission power which reduces UE outages in the network.
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Figure 2 – UE CCH SINR CDF for different power reductions

Table 2 – The 5%ile CCH SINR and outage probability for different power reductions
[image: image4.emf]5%ile SINR (dB)Pr(SINR<-4dB)5%ile SINR (dB)Pr(SINR<-4dB) 5%ile SINR (dB) Pr(SINR<-4dB)

HUEs 5.3 0.4% 1.5 1.4% -1.8 3.5%

MUEs -14.4 13.6% -9.4 9.5% -5.9 6.3%

All UEs -7.8 7.1% -5.3 5.5% -4.7 4.9%



Baseline (x = 0 dB) x = 5 dB x = 10 dB


3.3 Simulation results for S2: HeNB power setting based on listening
To further improve the outage performance from the above solution S1, one can perform power reduction for only those HeNBs serving high SINR UEs, which can avoid the adverse effect of increased HUEs outages due to reduced signal strength from their HeNBs as seen in S1.   This requires the HeNB to listen to its environment, for example, to listen to its UE’s measurement feedback, and then act upon the feedback. That is, each HeNB compares its UE measurement (i.e. the geometry, say s dB) to a threshold of y dB, and reduces its transmission power by (s-y) dB (i.e. the difference between the geometry and the threshold).  The threshold y may be selected as 10, 5, or 0.
Below figure and table show the SINR performance using this method.  The results with y=10, 5, 0 are shown, as well as the baseline results with no additional power setting (for comparison purpose).   As the threshold decreases from 10 dB to 0 dB, the outage probability for HUEs remains very low and almost constant; in the meantime the SINR performance and outage performance for MUEs improve steadily.
This power setting solution is simple and quite effective, and it usually does not require additional signalling or power setting formulas to attain reasonably good outage performance.  However, as can be seen from Figure 3, the high geometry HUEs would see much lower signal strength from their serving HeNBs since all high geometry HUEs are subject to power reduction, which would lead to lower throughputs than they could have achieved.  In the scenarios that no MUEs are close to HeNBs, reducing the HeNBs power, especially those serving high geometry HUEs, would lead to significant throughput performance degradation.
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Figure 3 - UE CCH SINR CDF for different power reduction threshold
Table 3 - 5%ile CCH SINR and outage probability for different power reduction threshold
[image: image6.emf]5%ile SINR (dB)Pr(SINR<-4dB)5%ile SINR (dB)Pr(SINR<-4dB) 5%ile SINR (dB) Pr(SINR<-4dB) 5%ile SINR (dB) Pr(SINR<-4dB)

HUEs 5.3 0.4% 6.1 0.3% 4.5 0.4% -0.4 0.3%

MUEs -14.4 13.6% -6.7 6.5% -5.2 5.7% -3.9 4.4%

All UEs -7.8 7.1% -3.5 3.5% -3.1 3.1% -2.6 2.4%

Baseline



y = 10 dB y = 5 dB y = 0 dB


3.4 Simulation results for S3: HeNB power setting based on victim awareness
In order for the HeNBs to reduce their power only when they cause strong interference to MUEs close to proximity, it is needed that the HeNBs are aware of, or are made aware of the existence of victim MUEs.  In the simulations, all the HeNBs that are among the top three interferers for some MUEs are singled out, and their powers are reduced by the amount of the differences between their HUEs’ geometry and a threshold of y dB, where y is set to be 10, 5, and 0.  It is expected that this method is more effective in a system without too many MUEs in close proximity of HeNBs, since otherwise it is likely that most HeNBs cause strong interference to some MUEs.
The simulation results are shown in Figure 4 and Table 4.  The HUE outage probability stays at 0 for all the threshold values simulated.  The MUE outage probabilities using this method are close to those using S2, since a significant portion of MUEs are within the femto cells (see Appendix A for detailed simulation assumptions) and most HeNBs are interferers.
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Figure 4 - UE CCH SINR CDF for victim-awareness power setting with different power reduction threshold
Table 4 - 5%ile CCH SINR and outage probability for victim-awareness power setting with different power reduction threshold
[image: image8.emf]5%ile SINR (dB)Pr(SINR<-4dB)5%ile SINR (dB)Pr(SINR<-4dB) 5%ile SINR (dB) Pr(SINR<-4dB) 5%ile SINR (dB) Pr(SINR<-4dB)

HUEs 5.3 0.4% 9.0 0.0% 4.5 0.0% -0.3 0.0%

MUEs -14.4 13.6% -9.2 7.7% -5.4 6.0% -3.8 4.4%

All UEs -7.8 7.1% -4.0 3.9% -3.2 3.1% -2.6 2.3%

Baseline



y = 10 dB y = 5 dB y = 0 dB


3.5 Simulation results for victim UE classification

The victim UEs may be classified into 4 types:

1. HUE victimized by HeNB

2. HUE victimized by MeNB

3. MUE victimized by HeNB

4. MUE victimized by MeNB

It is informative to examine the number of each type of victim UEs and how the numbers change when the power setting solutions are applied.  The results generated by the simulations mentioned above are summarized in the following table; note that a UE is considered as a victim if it is in outage (i.e. CCH SINR < -4 dB).  It can be seen that the interference generated by HeNBs to MUEs is the dominating cause for outage in the network, which is because the MUEs are very close to HeNBs.  To see exactly how close the victim MUEs and dominating interfering HeNBs (i.e. Type 3 victims) are, we include Figure 5 to depict the CDF of the distance between the victim MUEs and the corresponding HeNBs.  The plot shows that the distance follows roughly a uniform distribution between 0.2m to 20m.  It can also be seen that the shortest distance in the simulations is indeed 0.2m as allowed by the simulation assumptions, which makes it difficult, if not impossible, to eliminate UE outages.
Table 5 – Number of each type of victim UEs
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HeNB 0 2 7 0 0 0 0 0 0

MeNB 5 17 41 4 5 4 0 0 0

HeNB 186 127 82 85 73 55 99 78 55

MeNB 8 8 8 8 8 8 11 8 8
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Figure 5 – CDF of the distance between the victim MUEs and their strongest interferers (HeNBs)

4 Conclusions
In this contribution, we have studied three power setting solutions in Macro-Femto scenario via system-level simulations:

S1: Open-loop HeNB power setting. This method reduces all HeNB power to a lower level.  It is simple and effectively reduces UE outage probability to about 5%.  No power setting formulas need to be standardized to ensure this method to work and the power setting can be left as an implementation issue.
S2: HeNB power setting based on listening. This method reduces the power of only the HeNBs serving high geometry UEs.  It is simple and effectively reduces UE outage probability to about 2~3% in the simulations.  No power setting formulas need to be standardized to ensure this method to work and the power setting can be left as an implementation issue.
S3: HeNB power setting based on victim awareness. This method reduces the power of only the HeNBs causing strong interference to MUEs.  It requires additional feedback from victim MUEs or by detecting strong UL interference from neighboring MUEs and is more complicated than the other two methods.  It can effectively reduce UE outage probability to about 2~3% in the simulations and it is expected to outperform the other two methods in terms of overall system throughput performance if the number of victim MUEs is not significant.
We emphasize that the UE geometry may not be an accurate metric for determining UE outage, and UE CCH SINR should be used instead.
To summarize, the simulation results have shown that simple power setting methods can lead to acceptable outage performance and no power setting formulas are needed.  Based on the simulation study and analysis, we propose to include no power setting formula and leave it to be an implementation method. Only new requirement on HeNB transmission power needs to be defined in RAN4. 
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Appendix A. Simulation assumptions
The simulation assumptions for Macro-cell deployment, Femtocell deployment, and UE dropping/attachment can be found in [2]

 REF _Ref276117098 \r \h 
[3].  Additional assumptions are summarized below.

Table 6 - HeNB deployment modelling parameters of Dual Stripe Model
	Parameter
	Assumption

	M (number of blocks per macro-cell)
	1

	L (number of floors per block)  
	6

	RxP (deployment ratio x activation ratio )
	0.1

	Room number per floor
	40

	UE number/Active HeNB
	1

	UE number in Macro cell
	25

	Macro UEs inside the blocks
	35%

	HeNB Frequency Channel
	Same frequency and same bandwidth as macro layer

	Min separation UE to HeNB
	20 cm

	HeNB antenna configuration
	2 Tx, Omin-directional, 5 dBi  antenna gain 

	Max Tx power HeNB
	20 dBm

	# CCH symbols/subframe
	3













































































