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1.  Introduction

There is only one parameter left unspecified for HeNB output power for co-channel E-UTRA protection in TS 36.104(v10.5.0) [1]. In this contribution we continue to discuss Pmin in order to finalize the requirements.

The section 2 gives analysis on parameters and relevant issues and shows performance impact with different parameters; section 3 gives suggestions on the value selection. And on section 4 the Annex, text proposal is provided to TS36.104 to finalize the parameter Pmin. 
2. Discussion on the parameters 
In current TS 36.104, only the Pmin parameter is left unspecified for HeNB output power for co-channel E-UTRA protection. (Pmax is already specified on TS 36.104.)
Table 6.2.5-1: 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 > -103dBm


	≤ max (Pmin, min (Pmax, CRS Êc + 10log10(
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2.1 Pmin and HeNB coverage

Many contributions [2]-[14] on previous meeting discussed Pmin value and on last RAN4# 61bis meeting, CR[15] proposed Pmin= -10dBm for testing and CR[16] proposed Pmin= -20dBm.
In this section we will investigate the HeNB output powers and corresponding coverage on simulation.  

The minimum HeNB power values are typically to be used in cell-edge regions where:
· DL interference experienced by the femto users is not as large as in macro cell center and therefore it is not necessary for the HeNB to transmit with high power values

· If HeNB would transmit with high power the nearby macro UE (MUE) that are far away from the serving eNB would end up with low SINR values or in outage
The HeNB DL power control is an effective tool to adjust HeNB transmitted power according to the nodes’ location within macro coverage but wrong settings of the formula’s parameters may lead to macro or femto layer problems.

In the figures below network maps are shown with a femto node transmitting with different HeNB DL Tx power and its cell border marked with white dashed line. The assumptions are generally aligned to the ones used in statistical simulations in [2], but it should be noted that the figures presented below correspond to just one network realization. Some highlights on specific assumptions are shown below:
· ISD = 500m

· HeNB transmit power = {20, 5, -10, -20} dBm

· HeNB placed at macro cell-edge (worst case)

· HeNB placed in the middle of simple house (12m*12m) structure
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Figure 1: SINR [dB] of HeNB house and its surroundings for the HeNB DL Tx power equal to:  (a) 20dBm, 
(b) 5dBm, (c) -10dBm and (d) -20dBm.
It can be observed that if the HeNB DL transmit power is set too high then this node can be a source of significant interference and outage for macro users (figure 1a). If the power control is properly applied though then the femto node coverage is exactly overlapping with the house border which actually is the goal of controlling HeNB power (figure 1b). The same coverage is obtained with Power set to 0dBm though with lower SINR values for home UE.

With the HeNB power further lowered (-10dBm, figure 1c) it can be observed that the house area is not fully covered with HeNB range anymore. This effect can be a source of frequent handovers and low performance observed by the home users (who bought a device to enhance observed QoS) and is even more visible on figure 1d (-20dBm) where the HUE can only connect to own HeNB when directly next to it. This effect is later on referred to as ‘HUE outage’ and was also observed and pointed in our previous studies and further referred to analysis in section 2.2 of this contribution.
While with the simulation assumptions of the co-channel protection of non-allowed MUE (e.g. MUE indoor ratio) and the expectation of the results (e.g. MUE outage ratio) it may be necessary for the HeNB to actually set the power to a low value so that indoor MUE are able to operate. This results in reduced MUE outage but has a side effect of HUE outage and in practical deployments such setting of the power is not advised and should be avoided with other mitigation techniques: resource split in frequency or time domain, access rights management, etc.
The MUE outage is well known and widely studied effect as if a MUE is not able to connect to own eNB due to interference from the nearby non-allowed CSG HeNB then such UE is not served at all and ends up in an outage. If a HUE is not able to connect to own HeNB though the effect is not that spectacular – this UE is connected to the macro layer instead, it was previously observed as an increase in number of users served by the eNB and resulting lower maximum MUE throughput.

2.2 Macro user outage and HeNB utilization
When RAN4 discussed the core requirement of adjacent channel protection, two principles were utilized for generate Pout limitations [17].  

· MUE should get able to detect Macro cell on the edge of outage zone. 

· And HUE should get able to detect HeNB cell on the edge of minimum coverage area. 
These two KPIs then, Macro user outage and HeNB utilization, need to be considered jointly when decisions on power control parameterization are made. And the specified requirements should able to ensure reasonable set for different scenarios.

Some techniques that can potentially improve user experience are listed below: 
· range extension for HeNB, 
· per Component Carrier setting of HeNB transmission power, 
· TDM eICIC. 
Those can provide some tolerance space for the two KPIs.
Regarding the Macro UE outage, in contributions [3] [7], it is shown that the dense urban dual stripe scenario is the most stringent case for MUE outage. In order to see the different Pmin impact to network performance and relevant impact from Pmin together with X, we ran a set of simulations for dual stripe case with following assumptions:

· Stringent assumption that 80% of MUEs are indoor,
· 0.2 HeNB active ratio
· ISD=500m, 1732m 
· Pmin=-20/-10/0 dBm
·  X from 30 to 70 dB with step of 10 dB. 
On real network, it may be rare to see the case of large macro cell (ISD=1732m) with high HeNB density within dual stripe building where many MUEs are also indoor, since with the dual stripe buildings and many MUE in this area, normally the network capacity should be enhanced by the operator thus ISD may be smaller. Anyway, the full set simulations are checked and results are shown on [3] and section 2.3 of this contribution, analysis also be made and a suitable parameters setting basing the simulation was picked.
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Figure 2: HeNB UE outage v.s. Macro outage 
Figure 2 shows an interesting observation on this simulation set, including the ratios of HeNB UEs which are in the HeNB outage and connect to Macro layer instead, as well as the ratios of Macro UE outage. It shows MUE protection comes at the cost of HeNB coverage. 
The configurations on region 1 (blue circle) are with the highest unacceptable HUE outage while with the best Macro outage protection, where HeNB have low power and too small coverage. The bigger challenge for HUE outage is on ISD=500m cases. The configurations in this region are (ISD=500m, X= 30 or 40dB, any Pmin) or (ISD=1732m, X=30 or 40dB, Pmin=-20dBm).

The configurations on region 2 (green circle) are with the highest unacceptable MUE outage while with the best HUE outage protection, where HeNB have high power and large coverage. The bigger challenge for MUE outage is on ISD=1732m cases. The configurations in this region are (ISD=1732m, X=70 or 60dB, any Pmin) or (ISD=1732m, Pmin=0dBm, any X) or (ISD= 500m, X=70dB, any Pmin).

The configurations on region 3 (red circle) are correct settings of HeNB power with reasonable MUE outage and reasonable HUE outage. The configurations in this region are highlighted for further consideration on figure 4 and 5.
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Figure 3: Macro user and Femto user throughput on different Power setting configurations 
Figure 3 shows that even for the region 1 configuration (e.g. for the blue curve), which are best reducing the Macro UE’s outage and enhance the cell edge UE throughput, it do not provide best average performance for Macro User. Configurations of region 3 can provide best overall performance for both Macro UE and Femto UE.

On the following figures 4 and 5, the region 3 configurations are further illustrated. 
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Figure 4-a: Macro User throughput with medium power settings and ISD = 500m
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Figure 4-b: Macro User throughput with medium power settings and ISD = 1732m
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Figure 5: HUE throughput with medium power settings

From figure 4-a and 4-b, the best performance for MUE both for outage and for average throughput is from the configuration (X=50dB, Pmin=0dBm) for ISD=500m case and (X=40dB, Pmin=-10dBm) for ISD=1732m case. 

On figure 5, it is shown that median user throughput for the case of X=50 dB and Pmin = 0 dBm deteriorates of about 1/3 when compared to the less protective setting but is still very high (at least 20 times higher than that of macro UE), thus the HUE’s outage from its HeNB is more important performance indicator for evaluate than HUE throughput. 
Decrease of Pmin only makes sense when X settings cause many HeNB transmit at minimumm power and the MUE protection is still not sufficient. On ISD=500m cases, comparing with the (500m, 50dB, 0dBm) case, reduction of Pmin, e.g. in cases of (500m, 50dB, -10dBm) and (500m, 50dB, -20dBm), does not affect much on optimizing the MUE outage ratio, while leads to less throughput for 50% and 90% MUE. And on ISD=1732m cases, comparing with the (1732m, 40dB, -10dBm) case, reduction of Pmin, e.g. in cases of (1732m, 40dB, -20dBm), do further reduce the MUE outage ratio on a cost of unacceptable HUE outage (referring figure 2) which will in the end impact performance of 50% and 90% MUE. The performance degradation for 50% and 90% MUE due to reducing Pmin can also be observed in the cases of (1732m, 50dB, -10dBm) and (1732m, 50dB, -20dBm).
And since the sufficient protection and best overall performance is already achieved from configuration with Pmin=-10dBm in the stringent case(dense urban dual strip, 80% MUE indoor, 0.2 HeNB active ratio, ISD 500m and 1732m), we think there is no need to further reduce the Pmin and propose to adopt Pmin=-10dBm.
3. Concluding Remarks

We have been addressing the parameters Pmin which are undecided for HeNB power setting requirements on [1], check the HeNB coverage on different Pout values, and analysis that the two KPIs, HeNB utilization and macro user outage, need to be considered jointly for power control parameters, then propose Pmin =  -10dBm for minimum Pout. 

The proposed amendment to Table 6.2.5-1 of [1] is on Annex for approval.
4. Annex

Additional text proposal to [1] is as follow:
----

Table 6.2.5-1: 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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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 (20dBm, CRS Êc + 10log10(
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Note 1:
Only the option supported by the Home BS shall be tested.

Note 2:
For CRS Êc < -127dBm, or Iob ≤ -103 dBm when Option 2 is supported, the requirements in sub-clauses 6.2.1 and 6.2.2 apply.

Note 3:
The output power Pout is the sum of transmits power across all the antennas of the Home BS, with each transmit power measured at the respective antenna connectors.

Note 4:
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 is the number of downlink resource blocks in the own Home BS channel. 

Note 5: 
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 is the number of subcarriers in a resource block, 
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Note 6:
X is a network configurable parameter.
Note 7: 
The value of Pmin for testing is -10dBm.
Note 8:
Other input conditions and output power to be applied for network scenarios other than co-channel E-UTRA macro channel protection shall not be precluded.
---
End of the text proposal.
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