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1. Introduction

In this contribution we present a simple downlink HeNB power control (PC) scheme, as also considered during the Rel-9 discussions of HeNB interference management in RAN WG4. Extensive system level performance results are presented using the proposed HeNB PC algorithm for simple cases with plain co-channel deployment of macro and HeNBs. Our results clear shows how the use of different HeNB PC parameters can be used to control the system level performance and especially how the use of different parameter settings can be used to adjust the trade-off between the macro and HeNB layer performance.

The rest of the contribution is organized as follows: In Section 2 the deployment is described and simulation assumptions summarized followed by the results presented in Section 3. The impact of power control formula parameters’ is shown and different power control scenarios are considered. Finally, Section 4 contains concluding remarks.
2. Simulation assumptions
Downlink performance results are generated for macro + CSG HeNB cases, assuming the dense urban dual stripe model for the HeNBs. Both the deployment details and channel models are aligned with [1] with some details highlighted below:

· 1 dual stripe block per macro cell, 6 floors per building

· Sparse Deployment ratio 0.1, with activity ratio 100% (4 HeNB per dual stripe floor)

· 80% of macro users located indoors

· 1 user per each HeNB

· Maximum HeNB transmit power of 20dBm

· RSRP-based cell allocation with HeNB configured as CSG
· Pure co-channel deployment: Both macro and HeNBs operate in the same 10 MHz bandwidth.
The performance of pure co-channel deployment can be optimized by using power control of HeNBs maximum transmit power to reduce the probability of coverage holes. Here we consider cases with such downlink HeNB power control (PC) enabled in order to show the effect of different PC configurations on the performance. The HeNB PC algorithm is described in [2], and shortly summarized here as well. The HeNB transmit power is adjusted according to 

Ptx=max(min(α · PM + β ,Pmax), Pmin) [dBm],









(1)
where parameters Pmax = 20dBm and Pmin = 0dBm  is the minimum and maximum HeNB transmit power settings, while PM is the received power from the strongest co-channel macro cell. Parameter  is a linear scalar that allows altering the slope of power control mapping curve and – as such – adjustment to different sizes of macro cells,  is a parameter expressed in dB that can be used for altering the exact range of PM covered by dynamic range of power control. In the simulations different values of α and β were used in order to show optimization possibilities and resulting performance.
It shall be noticed that the HeNB PC algorithm in (1) is simple and realistic for standardization within the time-frame for LTE Rel-10. Notice in particular the following characteristics:

· The HeNB PC only affects standardization and implementation for the HeNBs
· No additional signalling between macro-eNBs and/or HeNBs is required for this solution.
· No new measurements or support from UEs is required.
3. Performance results
Based on the assumptions described above a snapshot-based analysis was conducted resulting in the macro and HeNB layers performance presented in the Figures 1 to 7. The first set of results in Figures 1 and 2 shows how the performance varies with the setting of α, assuming a fixed value of β.
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Figure 1 Distribution of HeNB DL transmit power.
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Figure 2 Distribution of macro and HeNB user throughputs.
It is observed that if β is unchanged then increasing α results in improved macro user performance at the expense of decreased HeNB user performance due to lower average HeNB transmit power values.
The second set of results in Figures 3 and 4 shows how the performance varies with the setting of β for a fixed value of α. 
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Figure 3 Distribution of HeNB DL transmit power.
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Figure 4 Distribution of macro and HeNB user throughputs.
It can be seen that with the change of β (with fixed α) the performance trade-off between the macro and HeNB layer is affected. Increasing β causes decrease in macro user performance (higher outage) but an increase in the HeNB user performance due to higher average HeNB transmits power values.
If the average HeNB transit power value is to be kept unchanged with the change of α, then β also needs adjustments. Once the average HeNB DL transmit power is similar the changes apply only to extreme power values and both macro and HeNB performance is only changed within a limited range. The settings of the α parameter is also important for adjusting power control to different cell ranges (although not shown here as all simulations are done for ISD=500m).

The third set of results is presented in Figures 5 and 6 for four different cases, being characterized by the use of different parameter settings. Following observations are extracted from the results in Figure 5. 
· In setting (1), the HeNB tx power is more or less evenly distributed between 3 and 15 dBm.
· In setting (2), the full Tx power range between 0 and 20dBm is utilized with approximately equal probability of using different power values within this range..
· Setting (3) is more aggressive as approximately 55% of the HeNB transmit at full power.
· Setting (4) is the most conservative of the considered settings, as approximately 42% of the HeNBs transmit at their minimum power level and only 5% of the HeNBs transmit at their maximum power.
The corresponding throughput distributions for the four considered parameter settings are reported in Figure 6.
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Figure 5 Distribution of HeNB DL transmit power.
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Figure 6 Distribution of macro and HeNB user throughputs.

One more effect worth noticing when analyzing the performance curves is: If the HeNB power is significantly reduced there is an increased probability that its coverage is not sufficient for the full apartment and some HeNB users are not able to connect to own CSG HeNB. It shall be noted that even though the number of macro-only users is fixed (10 per cell) the actual number of users served by the Macro nodes varies depending on HeNB transmit power configuration as the cell selection is RSRP-based in this study. This mechanism influences on the throughput values achievable at the eNB due to different average number of resources (PRB per TTI) available to a macro user and is visible on Figures 2, 4 and 6. 
4. Concluding remarks
In this contribution we have analyzed the system level macro and HeNB user performance when using the proposed HeNB of power control formula. Results are presented for different power control parameter settings. We have shown the dependency between macro and HeNB user performance and how different power control settings can be applied to steer the performance trade-off between the macro and HeNB layers. 
The HeNB PC scheme used in this study is also listed in 3GPP TR 36.921, as one of the recommended scheme for LTE Rel-9 HeNBs. Notice in particular the following attractive characteristics of the HeNB PC scheme:

· The HeNB PC only affects standardization and implementation for the HeNBs
· No additional signalling between macro-eNBs and/or HeNBs is required for this solution.
· No new measurements or support from UEs is required.
· It is fully Rel-8/9 backward compatible.
As the HeNB PC scheme has proven to provide attractive benefits, and being very simple, we recommend to consider standardizing this scheme for LTE Rel-10.
5. References

[1] R4-092042, Simulation assumptions and parameters for FDD HeNB RF requirements.
[2] R4-093644, HeNB Interference management for LTE Rel-9 via power control.









