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1.  Introduction

CR [1] “Requirements for HeNB Autonomous Power Setting for Macro-eNB Scenario” was agreed on RAN WG4 email approval after WG4#59 and then following approved on RAN#52 plenary. 

The CR proposes modification to 36.104 to add a new section 6.2.5 on Home BS output power for co-channel E-UTRA protection, where two options (option 1 and option 2) are listed for implementation and only the option supported by the Home BS shall be tested. There are still some parameters on square brackets for further discussion. In this contribution we therefore focus on study the parameters in square brackets in order to finalize the requirements. 
The contribution is organized as follows: section 2 gives analysis on parameters and show 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 Annex, text proposal is provided to 36.104[6] based on CR[1]. 
2. Parameters on Square Brackets

On CR [1], the following table was proposed, while there were still several parameters in square brackets to be decided.

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 (Pmax, CRS Êc + 10log10(
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2.1 Capping output on extreme conditions
On the first row of the table 6.2.5-1, there gives a capping Pout when accurate CRS Ec measurements cannot be made on condition of HeNB is extremely close with Macro BS or large background interference exists from neighbor HeNBs. Thus the HeNB might better to limit its power out somehow. 
The current values in square brackets are OK to be adopted.
2.2 Input condition study of Iob in option 2
The Iob input condition intents to indicate somehow whether MUE present into the HeNB coverage. When MUE presents, the Iob measured on HeNB may exceed the threshold and then trigger the output power setting. 

For this Iob condition study, three cases of MUE placement were simulated:

· Case 1: No MUE deployed in the network, only UE located in rooms where HeNB is deployed.

· Case 2: 100%  MUEs (10UEs) are located outdoor, HUEs as in case 1

· Case 3: 20% MUEs are located indoor, HUEs as in case 1

Simulation results are presented for the dense urban “dual stripe” deployment model assuming a macro network build on 7 macro sites with 500m ISD, the statistics were taken from 3 central sectors. In the case 2 and 3, we consider 10MUEs per sector, different percentage of the MUEs (0% or 20%) in dual stripe apartment. The HeNB deployment ratio is 0.1 (24 HeNBs per building, activation ratio is 1). A single HUE is assumed per HeNB. 

The downlink and uplink schedulers are round robin schedulers. Full Buffer traffic model is assumed. 

The Bandwidth is 10MHz, fast fading is not modeled, no DL power control is used and antenna configuration is 2x2 MIMO for both eNB-UE and HeNB-UE links. Thermal noise is also count into, which is measured based on PRB, i.e. 180KHz, thus -121dBm/PRB (-174dBm/Hz). Considering the noise figure 5dB, then thermal noise can be -116dBm/PRB.

The Iob distributions on these 3 cases are shown on the following figure1.
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Figure 1: Iob distribution for various MUE presence cases. 
(The -103 dB threshold is marked with blue vertical line.)
From the figure 1, without MUE deployed, the Iob will generally on a low value. While with MUE present, Iob will be higher, and the offset of 20-30dB is observed. When without MUE deployment, the percentage of cases that Iob < -103dBm reaches 75%. When 100% or 80% of MUEs are located outdoor, the percentages of cases Iob<-103dBm are respectively 29% and 21%.

And from the figure 1, even without MUE present, the Iob threshold of -103dBm has been exceeded on 25% cases. Then the power setting will also be triggered somehow without MUE present.  Thus it could be further discussed in future whether it is be better to use “delta lob” (difference between the estimated lob by HeNB basing its UL scheduling info and the measured Iob on HeNB. If not considering thermal noise, there may always exists offset, e.g. around 30dB) for the input condition. But considering the measurement complexity, the Iob measurement could be a simple way on primary stage.

To consider the value of Iob and impact to MUE performance, on [2] the results showed for case 4 of [2], the change of Iob threshold has almost no impact to MUE performance, while the Iob threshold change affects more to HUE performance instead of MUE performance, although the effect is still not big. And the current Iob threshold in square bracket -103dBm is OK, which is ensuring the MUE performance as well as HUE performance.

Proposal 1: Accept the -103dBm in square bracket as Iob threshold for input condition of option 2. 

2.3 Parameter X for Power out 

In order to further elaborate on the recommended parameter settings for X, we have conducted a larger number of simulations for different Macro + CSG HeNB environments, part of simulation results have already shown on [5]. We have simulations on 3 types of scenarios: residential, suburban and dense urban dual stripe, with power setting option 1 input. 

The assumptions for these 3 type scenarios are as following:  

· Simulations for those environments have been conducted assuming the standard hexagonal macro-layer grid. The inter-site-distance (ISD) for the macro-eNBs has been varied from 250 meters and up to 2500 meters in order to quantify how the performance varies versus assumed ISD.

· In the residential scenario the HeNBs were located in separate houses distributed uniformly on the macro-cell area. For such deployment ISD= {250, 500, 750m} were studied.
· In the suburban deployment (following suburban modeling from [4]) indoor environment was modeled with 2x2 house cluster (4 houses, i.e. buildings with four apartments, each having own HeNB) deployed uniformly on macro-cell area. For such deployment ISD= {850m, 1732m, 2500m} were studied.
· Dense urban dual stripe is following assumptions on [3];
· Probability that HeNB UE is indoor = 1.0 (Dual Stripe); =0.9 (suburban, residential);
· Probability that Macro UE is indoor = 0.8 (Dual Stripe);   =1 (suburban, residential);
· HeNB active ratio = 1;
· HeNB deployment ratio = 0.1 for observation 1 and 2. And for observation 3 the ratio is specifically marked on each figure;
· Number of UEs per HeNB = 1;
· Pathloss model: basing [3];
· Range of X parameter examined: 30-90 dB;
· Pmax=20dBm, Pmin=0dBm.
The studies focused on performance in terms of user throughput and user outage (users with zero throughput). We found X parameter impacts heavily on scenario specific. Power Control affects different on performance in different scenarios.
In briefly, the observations basing all these simulations are:
Observation 1: The low end of X range, e.g. 30-50dB is extremely optimizing the 5% user performance in dual strip case. 

On dual strip case, the less X, the better outage performance for MUE. While in the same time, the larger X case will provide better performance for 50% and 95% MUE. 
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Figure 2: Macro user performances basing different X parameter (dual stripe case, ISD=500m).

Figure 2 in dual stripe case (ISD=500m) shows the trend. Configuration X=30dB was minimizing negative effect of user outage but with the cost of limiting maximal throughput achievable for users when compared with higher X values. This may due to the fact that with lower X, there are less MUE close to the HNB that suffer from heavy interference. But there is one additional factor, with low X that are good for cell edge MUE, there is a problem with HNB coverage and some HUE in our simulations can't reach own femto and then switch to macro cell. This limits MUE maximum performance due to limited resources per user. This may be the reason for worse MUE results for low X.
But it is the case that the outage problem is the critical issue in dense urban, and if even consider enlarged ISD, the Macro UE outage ratio will be even higher than that of small cell. Thus the low end of X range is essential in this kind of scenarios to ensure Macro UE outage less than 5%. 
That is because that for scenario with enlarged ISD, the HeNB to cell edge MUE interference problem becomes more serious. On the cell edge, on one hand MUE receives weak signal from serving eNB due to large pathloss, on the other hand MUE receives the stronger interfering HeNB signal if higher beta value is (increasing beta value increase mean HeNB tx power.) Thus a low beta value allows HeNB keep tx power low and do not harm eNB to cell edge MUE DL transmission, and then the low end of X range of 30-50dB is essential.
Observation 2: The high end of X range, e.g. 60-90dB is further optimizing the MUE performance as well as HUE performance for residential and suburban case. 
On the residential and suburban scenarios, generally the larger beta, the better MUE performance. And MUE outage ratio here is much less than dual stripe case, thus the outage performance is not the limitation. 
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Figure 3:  Macro user performances basing different X parameter (Suburban case, ISD=1732m).
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Figure 4: Macro user performances basing different X parameter (Residential case, ISD=500m).
The figure 3 shows that even on large cell scale, the outage ratio is quite low with larger X. For both figure 3 and figure 4, suburban and residential case, the 50% and 95% MUE performance are better with larger X. And since the mean HeNB tx power will also been increased when increasing X value, larger X will also benefit HUE performance as well.
Observation 3: Summary on impact of X parameter:

We conclude that the optimum setting of the X parameter in the proposed HeNB power setting formula mainly varies depending on the environment type (i.e. depending on whether HeNBs are deployed in residential, suburban, or dense urban areas). There are also some effects depending on the ISD of the macro-layer or other elements. 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. 
· In the figures below an example of X impact showing the difference that X has on macro cell-edge users (low throughput regions) and top macro users due to resource availability (high throughput regions) in urban area (dual stripe)
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Figure 5 (a - full and b - zoomed):  Impact of X on macro user throughput in urban area

· Thus it is suggested that on severe outage case for MUE (e.g. dense urban) considering lower X 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.  
· In the figures below an example of different HeNB deployment was presented. Especially from the MUE throughput figure, Macro user outage is below 5% for all simulated densities if power control with X (i.e.beta) =55dB is applied. If the density was even higher, it could possible that MUE’s outage may further move to a high point. Reduction of X would be necessary which would results in smaller HNB ranges (worse HNB performance and worst performance for best macro users).
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Figure 6: Macro and Femto UE statistics for different HNB densities (deployment ratios, beta=X)
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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.
Proposal 2: propose the range 30dB to 90dB for X parameter.

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.   

2.4 Value for Pmax and Pmin 

On [6] table 6.2-1 “Base Station rated output power”, it is specified that Home BS rated output power <=+ 20 dBm (for one transmit antenna port). Thus the Pmax should be up to 20dBm. Also the minimum requirements of total DL power dynamic range for one E-UTRA carrier was specified on [6] Table 6.3.2.1-1. That should be considered when setting Pmin. And we propose for 20MHz BW case, the HeNB’s Pmax as 20dBm and Pmin as 0dBm. 
Proposal 3: Propose for 20MHz BW case, the HeNB’s Pmax as 20dBm and Pmin as 0dBm.
3. Concluding Remarks

We have been addressing the parameters undecided for HeNB power setting requirements on [1], and have the following proposals:
Proposal 1: Accept the -103dBm as Iob threshold for input condition of option2. 

Proposal 2: Propose the range 30dB to 90dB for X parameter, to provide enough room for performance optimization on various scenarios,
· Where the low end of X range, e.g. 30-50dB is extremely optimizing the 5% user performance in dual strip case. 

· And the high end of X range, e.g. 60-90dB is further optimizing the MUE overall performance as well as HUE performance for residential and suburban case.
Proposal 3: Propose for 20MHz BW case, the HeNB’s Pmax as 20dBm and Pmin as 0dBm.
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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Option 1: CRS Êc ≥ -127 dBm or 

Option 2. CRS Êc ≥ -127 dBm and Iob > -103 dBm


	≤ max (0dBm, min (20dBm, CRS Êc + 10log10(
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30 dB ≤ X ≤ 90 dB 




---
End of the text proposal.
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