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1 Introduction

In [1] and [2] a way forward and CR has been agreed to defining the autonomous power setting requirements for CSG home basestations (HeNBs) in the presence of co-channel macro UEs (MUEs). The agreed power setting approach is based on measurement of the DL CRS Êc, Ioh and Iob parameters as defined in [1] and [2]. Optimization of the parameter definitions for the autonomous HeNB power setting is ongoing with preliminary results being provided in [3], [4], [5] and [6]. In addition to the approach described above, a second methodology to for autonomous HeNB power setting was explored in [9], which also exploited the measurement of the UL RS energy from the non-CSG macro UEs (MUEs) to detect their proximity to a CSG HeNB and allow the HeNB to more optimally set its transmit power to mitigate the interference to the non-CSG co-channel MUEs. This contribution provides further simulation results analyzing the performance of the CSG HeNB power setting methodology employing the additional measurement of the UL RS Êc, and compares the performance to the HeNB power setting approach defined in [1] and [2]. 
2 HeNB Power Setting Parameter Optimization
In [1] and [2] the CSG HeNB output power was defined as a function of CRS Êc, Ioh, and Iob with these parameters defined as detailed below in Table 1, reproduced from [1].
Table 1: Home BS output power for co-channel E-UTRA channel protection

	Input Conditions
	Output power, Pout

	Ioh (DL) > CRS Êc + 10log10(
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and 
Option 1: CRS Êc ≥  -127 dBm or

Option 2: CRS Êc ≥ -127 dBm and Iob > [-103] dBm
	≤ [10] dBm 


	Ioh (DL) ≤ CRS Êc + 10log10(
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Option 1: CRS Êc ≥ -127 dBm or 
Option 2: CRS Êc ≥ -127 dBm and Iob > [-103] dBm


	≤ max (Pmin, min (Pmax, CRS Êc + 10log10(
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[40] dB ≤ X ≤ [90] dB 



· CRS Êc, measured in dBm, is the Reference Signal Received Power per resource element present at the Home BS antenna connector received from the co-channel Wide Area BS. For CRS Êc determination, the cell-specific reference signal R0 according TS 36.211 [10] shall be used. If the Home BS can reliably detect that multiple TX antenna ports are used for transmission by the co-channel Wide Area Base Station, it may use the average in [W] of the CRS Êc on all detected TX antenna ports, including R0. 

· Ioh, measured in dBm, is the total received DL power, including all interference but excluding the own Home BS signal, present at the Home BS antenna connector on the Home BS operating channel. 

· Iob is the uplink received interference power, including thermal noise, within one physical resource block’s bandwidth of 
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resource elements as defined in TS 36.214, present at the Home BS antenna connector on the Home BS operating channel.
In addition to the above parameters, the approach defined in [9] exploited the measurement of the UL RS Êc from the MUE defined as
· the Reference Signal Received Power per resource element on one of the co-channel UL transmissions from the macro UE present at the CSG HeNB. It should be noted that the UL RS energy can easily be measured by the HeNB since it is transmitted in a known location in the time frequency grid.
.
As detailed in [9], by employing the CRS Êc , Ioh and UL RS Êc parameters, the CSG HeNB can estimate the SINR as seen on the DL by the macro UE in the presence of interference from the CSG HeNB. This estimated SINR can be expressed linearly in the form of equation (1) below

Estimated SINR = CRS Êc(DL) / (  Ioh +  UL RS Êc - CRS Êc(DL)) x                  (1)

In (1), numerator CRS Êc(DL) signal strength will be representative of the desired DL data signal strength to the MUE when the MUE is close to the CSG HeNB and the denominator can be easily shown to be proportional to the interference seen by the MUE on the DL from the CSG HeNB. The terms  and , are proportionality constants dependent on the relative transmit power differences between the HeNB and the MUE, scaling differences and parameter estimation errors.
In [9] it was shown that equation (1) with =1 and , provided good correspondence between the estimated MUE SINR at the CSG HeNB and the actual SINR as seen by the non-CSG MUE.  Based on this correspondence and aligning it to the approach of Table 1 above, a HeNB output power setting approach based on including the UL RS Êc has been analyzed in this contribution based on the definition below
Pout = max (Pmin, min (Pmax, CRS Êc  - UL RS Êc + 10log10(
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(2)
in which the output power Pout is in dBm and Y is a configurable parameter to be optimized for a given scenario. Typical values of Y will be between -40 to -70.
3 Simulation Assumptions for Parameter Optimization
The simulation methodology employed in this contribution is based on the simulation assumptions defined in [8] in combination with the approach defined in [10] and [11]. HeNB’s are assumed to be distributed within the macro cell by deploying a single dual strip model of an apartment building at a range of 1.2 macro cell radii from the serving macro-cell. Between 0.1 and 0.5 of the apartments within the dual strip are assumed to be populated with HeNBs. MUE’s are randomly dropped in the macro cell with 20 MUEs dropped per snapshot and up to 80% (i.e. 0 to 16 MUEs) being dropped within the indoor dual strip apartment block. 
A worst case scenario of macro and HeNB interference is assumed for which 100% reuse of resource blocks (RBs) in the macro network between eNBs is modelled and 100% reuse of RBs is also assumed for each deployed HeNB. Both the number of HeNBs and the transmit power of the HeNB has been parameterized in the simulation to investigate their impact on the SINR seen by the MUE. Further details of the assumptions employed are provided in Appendix A of [11]. The maximum transmit power of the HeNB is assumed to be 20 dBm.
The simulation involves calculating the CSG HeNB power setting adjustment based on the specified measurements listed in section 2 and calculating the resulting throughput loss of a given co-channel MUE for a given parameterization, base lined against the co-channel MUE throughput loss in the presence of the CSG HeNB with no power adjustment. Variations due to inter-site distances of 500m (Case 1) and 1732m (Case 3) as well as the use of power control set PC2 as defined in [10] are employed for both the macro and HeNBs uplink transmissions. For each scenario evaluated, the co-channel non-CSG MUE throughput degradation is calculated for the approach defined in Table 1 (option a) as well as the approach defined in equation (2) which makes use of the MUE UL RS Êc as seen by the CSG HeNB (option b). In addition for each scenario the total composite throughput of the MUEs (both indoor and outdoor) plus the CSG HeNB UEs being served by the HeNBs within the dual strip apartment was calculated both before and after the HeNB power setting based on Table 1 (option “a”) or equation (2) – i.e. option “b”.
.
4 Simulation Results Power Setting Approaches
Figure 1 below provides the composite DL throughput of MUE and HUE’s served by CSG HeNBs within a dual strip apartment. The composite throughput is calculated based on the truncated Shannon bound defined in [10]. Results are shown for MUEs with 

i) no HeNBs present;

ii) HeNBs transmitting with no power setting (i.e. the HeNBs always transmit at a maximum power of 20 dBm);

iii) HeNBs transmitting with a power setting according to option a;
iv) HeNBs transmitting with a power setting according to option b.
The scenario employed for the results in Figure 1 was based on an ISD of 500m with a HeNB drop probability of 0.1. Figure 2 illustrates the degradation in MUE throughput for option “a” and “b” HeNB power settings as compared to the MUE throughput with no HeNBs present, as illustrated by the “avg” loss curve. The curves for the option “a” performance were based on the optimal setting of the X parameter in Table 1.
Figures 3 and 4 provide corresponding results for a scenario with an ISD of 500m and a HeNB drop probability of 0.5, whereas Figures 5 and 6 illustrate the performance for a scenario with an ISD of 1732m and a HeNB drop probability of 0.1 
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Figure 1:  Composite MUE and HUE co-channel DL throughput as a function of MUE indoor drop percentage for a HeNB drop probability of 0.1, case 1 ISD of 500m and PC set 2. (Y = -60)
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Figure 2:  MUE co-channel DL throughput loss as a function of MUE indoor drop percentage for a HeNB drop probability of 0.1, case 1 ISD of 500m and PC set 2. The “avg loss” curve is for a HeNB transmit power of 20 dBm and no power setting. (Y = -60)
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Figure 3:  Composite MUE and HUE co-channel DL throughput as a function of MUE indoor drop percentage for a HeNB drop probability of 0.5, case 1 ISD of 500m and PC set 2. (Y = -70)
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Figure 4:  MUE co-channel DL throughput loss as a function of MUE indoor drop percentage for a HeNB drop probability of 0.5, case 1 ISD of 500m and PC set 2. The “avg loss” curve is for a HeNB transmit power of 20 dBm and no power setting. {Y = -70}
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Figure 5:  Composite MUE and HUE co-channel DL throughput as a function of MUE indoor drop percentage for a HeNB drop probability of 0.1, case 3 ISD of 1732m and PC set 2. (Y = -50)
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Figure 6: MUE co-channel DL throughput loss as a function of MUE indoor drop percentage for a HeNB drop probability of 0.1, case 1 ISD of 1732m and PC set 2. The “avg loss” curve is for a HeNB transmit power of 20 dBm and no power setting. (Y = -50)
5 Discussion of Results
From Figures 1 and 2, it can be seen that for scenarios with a Case 1 ISD of 500m and a HeNB drop probability of 0.1 that option “b” provides nearly double the aggregate throughput of option “a”, across all MUE indoor drop percentages, and also minimizes the MUE DL throughput degradation to less than 3%, even at an indoor drop percentage of 80. In comparison, the MUE DL throughput degradation for option “a” is nearly double this level. It should also be noted that option “b” also provides a higher composite throughput than the scenario with no HeNBs present, as well as the scenario with HeNBs present and transmitting at a fixed maximum power of 20 dBm.
Figures 3 and 4 show a similar relationship between the performance of options “a” and “b” for scenarios with and ISD of 500m and a HeNB drop probability of 0.5. Again the aggregate throughput of option “b” exceeds that of option “a” and the degradation in MUE DL throughput is significantly less with option “b”. For example, from Figure 4, the option “b” DL throughput degradation is less than 5%, even for an MUE indoor drop percentage of 80, whereas the option “a” MUE DL throughput degradation can exceed 20%. Figure 5 and 6 shown again show improved aggregate throughput performance for option “b” as well as a lower MUE DL throughput loss, for scenarios with an ISD of 1732m and a HeNB drop probability of 0.1.
This improved performance for option “b” follows from the fact that the CSG HeNBs can detect the presence of non-CSG MUE in close proximity and reduce their power only when non-CSG MUEs are in close proximity and the DL CRS Êc is low, and not otherwise. In contrast if employing the option “a” approach the HeNBs will always reduce their power if the DL CRS Êc is weak, even if no MUEs are in close proximity. This is a likely occurrence for lower HeNB drop probabilities.
To summarize, the following observations can be made:

· A HeNB power setting algorithm based on use of the UL RS Êc received from the co-channel non-CSG MUE provides both improved aggregate throughput of the macro and HeNB UEs combined as well as reduced DL MUE throughput degradation as compared to the presently defined option “a” approach.
.
6 Conclusion and Recommendations
Based on the simulated evaluation of the option “b” HeNB power setting parameters, and its superior performance as compared to the currently specified option “a” power setting  the following recommendation is proposed

Proposal : The specification of the HeNB power setting algorithm be modified to include a second approach based on utilization of the UL RS Êc received from the non-CSG MUE, based on the power setting definition of equation (2).
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