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1.  Introduction

There are many discussions [1][2][3][4][5] on previous meetings for the parameters in square brackets for requirement of HeNB output power for co-channel E-UTRA protection in TS 36.104(v10.3.0)[6].

And basing an agreed WF [7] which removes square brackets on 3 parameters, only the parameters X and Pmin in table 6.2.5-1 of [6] are still left open for further discussion. 
In this contribution we therefore focus on study X and Pmin in order to finalize the requirements. We are not with the goal to arrive at optimal settings and promote those, but rather intent to show that optimization is possible and to ensure that appropriate parameter ranges are agreed for the power control formula.

The contribution is organized as follows: section 2 gives analysis on parameters and shows performance impact with different parameters; section 3 will give suggestions on the value selection for parameters on square brackets to finalize the requirement and on section 4 the Annex, text proposal is provided to TS36.104[7] to finalize the parameter X and Pmin. 
2. Discussion on the parameters 
With the agreed WF [7], the following table was modified that only X range and Pmin were left for further decision.

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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	≤ max (Pmin, min (20dbm, CRS Êc + 10log10(
[image: image5.wmf]DL

RB

N



 EMBED Equation.3 [image: image6.wmf]RB

sc

N

) + X ))

[40] dB ≤ X ≤ [90] dB 




2.1 Macro user outage and HeNB utilization
When RAN4 discussed the core requirement of adjacent channel protection, two principles were utilized for generate Pout limitations [8].  

· 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. 
Thus to get reasonable parameter sets, not only the MUE but also the HUE performance, at least the outage status should be considered. And the specified requirements should able to ensure reasonable set for different scenarios.

Regarding the Macro UE outage, in contribution [1], it mentions 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 (stringent assumption that 80% MUE indoor, 0.2 HeNB active ratio, both ISD=500m and 1732m cases are considered) with Pmin=-20/-10/0 dBm and a sweep of X 30:70 dB. On real network, it may be rare to see the case of Macro cell (ISD=1732m) with HeNB high density deployed dual stripe 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 thus ISD may be smaller. Anyway, the full set simulations are checked and results are shown on section 2.2, analysis also be made and a suitable parameters setting basing the simulation is picked.
An interesting observation on this simulation set is the situation of HeNB UE outage on its own HeNB and attachment on Macro. The following figure 1 illustrated the percentage of home UEs connected to their own HeNB in different settings. It shows that for small X case, the lower Pmin, the lower percentage of Home UE who connected to own HeNB. That is because too conservative settings of HeNB power cause its coverage to shrink, and HUE then escape to macro layer which becomes overloaded. Our previous simulation and analysis also shows the Macro UE 50% and 95% performance degradation due to this reason [1]. On the contrary, the highest percentages of Home UEs connected to own HeNB on the other hand correspond to the most aggressive HeNB DL transmit power settings which lead to higher probability of macro user outage.
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Figure 1: Percentage of home UEs connected to own HeNB

These two KPIs then, Macro user outage and HeNB utilization, need to be considered jointly when decisions on power control parameterization are made. Some techniques that can potentially improve user experience are also can be count into: range extension for HeNB, per Component Carrier setting of HeNB transmission power, TDM eICIC. Those can provide some tolerance space for the two KPIs.
2.2  Pmin and X range
To better show the Pmin’s effect, HeNB transmission power distribution status was also checked on the previous mentioned simulation sets.
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Figure 2: Transmission power distribution of HeNB
. 

With the figure 2, it is quite clear that in dual strip scenario:

· For similar Pmin and ISD but different X value, it is obviously that the smaller X is transmitting on lower Pout and with larger percentage to transmit on Pmin. 

· For low values of X (strong protection of macro UEs) it can be observed that many HeNB transmit with lowest possible power (Pmin), especially in larger cells (ISD = 1732m). Only in these cases it may be reasonable to lower the Pmin parameter and extend the dynamic range of HeNB transmit power

· If X is not set to extremely low value it may be more reasonable to lower this parameter instead of lowering the Pmin. We advise that changing the HeNB minimum transmit power is only done

· For already very low values of X

· If – for such X settings – many HeNB transmit with currently set minimum power
While as previously mentioned, that for small X case, the lower Pmin, the lower percentage of Home UE who connected to own HeNB, and thus also impact the MUE’s 50% and 95% performance. Thus we need to be careful to select parameter settings which can ensure MUE outage performance as well as avoiding extremely Pmin on small X case.

Furthermore, we checked the MUE and HUE performance in the most stringent cases of dual strip scenario (where 80% MUE indoor, 0.2 HeNB active ratio, both ISD=500m and 1732m cases are considered).
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Figure 3: Macro User throughput
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Figure 3: Macro User effective SINR

It’s shown that the outage situation is much worse in large ISD case, and small X values are needed to protect the macro users in these cases. The impact of power settings on the performance of femto users is shown in figures 4 and 5:
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Figure 5: Femto UE throughput
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Figure 6: Femto UE effective SINR

Meanwhile, the HUE performance will be reduced with less X. It is also important when arriving at the desired settings that not only the performance of users connected to the HeNB is measured but also the number of Home UE that were not able to connect to the femto layer (see figure 1). 

Thus from the check for the most stringent case for MUE outage, where X=40dB and Pmin=-10dBm shows good performance, we propose Pmin = -10dBm for minimum Pout.
2.3 Observation on X range
On previous contribution [1] and [9], we illustrate the results and summary for a larger number of simulations for different Macro + CSG HeNB environments. We have simulations on 3 types of scenarios: residential, suburban and dense urban dual stripe, with power setting option 1 input. Actually the Macro UE outage situations in residential and suburban case are much better than the dense urban dual stripe case.  
The impact of X parameter is illustrated as following:

· Scenario (residential, suburban, or dense urban areas): It's always the aim to keep HeNB range within the apartment/room. 
· Normally the larger X, the higher average HeNB power, and then the larger HeNB coverage range. That will lead to more HUEs attach to its HeNB. 
· On the other direction, less X will mitigate the interference from HeNB to close Macro UE, and improve the 5% cell edge MUE performance. But it also should be noted that less X will lead to less HeNB coverage, then more HUEs cannot reach its HeNB, and have to switch to macro and then lower the overall performance, as well as the 50%/95% MUE’s performance. 
· On severe outage case for MUE (e.g. dense urban) lower X was needed to provide an acceptable outage rate of MUE. While in other case if MUE outage is in much better situation, configuration with lager X will optimize the overall performance.
· ISD: ISD also have some impacts due to it affects the cell edge MUE SINR. And with larger ISD, the MUE on cell edge is more easily interfered. Thus a smaller X may be needed on large ISD case.
· HeNB deployment density: HeNB deployment density could affect Macro UE throughput and outage. Thus in need, less X can be considered on heavy HeNB deployment but with tradeoff of worse HeNB performance and worst performance for best macro users.  
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Figure 7:  Acceptable (in blue) and optimal (in green) ranges for X parameter
The figure 7 shows summary of acceptable & optimal range of X parameter for different environment settings assuming co-channel macro+CSG HeNBs, with proposed autonomous HeNB power setting scheme enabled. The acceptable range was selected among configurations that guarantee MUE outage < 5% (in dense urban case) or <0.5% (in residential or suburban case). Specifically the optimized range was selected from configurations that guarantee MUE outage <0.5% and optimizes 50%, 95% MUE throughput. From the figure 7, it could be concluded that X parameter range for the overall cases could be 30dB<=X<=90dB, to provide enough room for performance optimization on various scenarios. While if a narrow range is preferred, at least 40db<=X<=70db can ensure good performance in variant cases.
As general guidance for setting of X-parameter, it shall primarily be set depending on whether the HeNB is deployed in residential, suburban, or very dense environment. Such parameter setting could be provided by higher layer signaling to the HeNB from e.g. OAM. Secondly, further fine tuning of X parameter may be facilitated via SON-alike algorithms. Having that range with e.g. 5 dB granularity is considered to offer sufficiently good operation in typical environments for HeNB deployment.   

Thus we propose to keep X range flexibility to better fulfill different scenarios. The range 40 dB to 70dB for X parameter are proposed, to provide enough room for performance optimization. 
· Where the low end of X range, e.g. 40-50dB is optimizing the 5% user performance in dual strip case. 

· And the high end of X range, e.g. 60-70dB is further optimizing the MUE overall performance as well as HUE performance for residential and suburban case.
And basing the selected Pmin of -10dbm from section 2.2 analysis on the most stringent case for MUE outage, we checked the MUE and HUE performance with X range for different scenarios. The results show that the Pmin and X ranges selected could ensure good protection for MUE as well as acceptable performance for HUE.
3. Concluding Remarks

We have been addressing the parameters Pmin and X range which are undecided for HeNB power setting requirements on [1], and analysis that the two KPIs, HeNB utilization and macro user outage, need to be considered jointly for power control parameterization, and have the following proposals:
Proposal 1: Propose Pmin =  -10dBm for minimum Pout. 

Proposal 2: Propose the range 40dB to 70dB for X parameter, to provide enough room for performance optimization on various scenarios,
· Where the low end of X range, e.g. 40-50dB is extremely optimizing the 5% user performance in dual strip case. 

· And the high end of X range, e.g. 60-70dB is further optimizing the MUE overall performance as well as HUE performance for residential and suburban case.
The proposed amendment to Table 6.2.5-1 of [6] is on Annex for approval.
4. Annex

Additional text proposal to [6], base on CR [1]:

----

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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	≤ max (-10dBm, min (20dBm, CRS Êc + 10log10(
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40 dB ≤ X ≤ 70 dB 




---
End of the text proposal.
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