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7.2  Control of HeNB downlink interference
7.2.1  Control of HeNB transmit power

7.2.1.1  HeNB power control based on HeNB-MUE path loss
HeNB should adjust the downlink transmit power by taking into account the path loss between the HeNB and an outdoor neighbor MUE including penetration loss in order to provide better interference mitigation for the MUE while maintaining good HeNB coverage for HUEs [x].
HeNB should set the transmit power of reference signal P_tx as follows: 

P_tx (dBm) = MEDIAN( P_m + P_offset, P_tx_upp, P_tx_low )

Where: 

- P_m (dBm) is RSRP from the nearest MeNB measured by the HeNB. P_m is dependent on path loss which includes the penetration loss between the nearest MeNB and the HeNB. 

- P_offset (dB) is the power offset described below in detail. 

- P_tx_upp/P_tx_low (dBm) is the upper/lower limit value for the transmit power of the reference signal. The maximum and the minimum total transmit power of HeNB should follow HNB in [5].
The HeNB can also set the maximum downlink transmit power in proportion to the transmit power of the reference signal. As the RSRP decreases, which means the HeNB is located close to the edge of the macro cell, the transmit power should be small in order to mitigate the downlink interference to the MUE.

P_offset above should be defined based on path loss between the HeNB and the MUE. The path loss may consist of indoor path loss between the HeNB and cell edge of HeNB cell and the penetration loss. Therefore, P_offset should be formulated as follows:

P_offset = MEDIAN( P_offset_o + K*LE, P_offset_max, P_offset_min )

Where: 

- P_offset_o (dB) is a predetermined power offset value corresponding to the indoor path loss. Typical value range between 50 and 100dB, and can be determined by the averaged measurement value.
- K is an adjustable positive factor can be determined by the priority of HeNB operation. This value should be high to increase the total transmit power (MeNB is more acceptable to higher interference) and low to reduce the interference to MeNB operation.
- LE (dB) is estimated penetration loss as below.
- P_offset_max/P_offset_min (dB) is the maximum/minimum value of the P_offset by which the estimated and   calculated P_offset can be prevented from being too large or too small. This value is dependent of the actual wall penetration loss plus P_offset_o. And the typical wall penetration loss ranges between 10 and 30dB.
If the path loss between the HeNB and the MUE can be estimated, then the transmit power of the HeNB should be set accordingly.
The path loss between the HeNB and the MUE should be estimated based on the difference between the estimated UL transmit power and the UL reception power (as the Received Interference Power) of the MUE. The estimated UL transmit power is based on the assumption that UL power control is applied for both MUE and HeNB as a UE. Then the UL transmit power can be calculated by the DL propagation loss from the surrounding MeNB to the HeNB utilizing the RSRP measurement.
:
7.3
Control of HeNB Uplink Interference

:

7.3.X
Smart Power Control based on Path Loss to Worst Victim Macro eNodeB
Interference from the Home UE (HUE) to the Macro eNodeB (MeNB) is particularly significant if the HUE is located close to the MeNB. On the other hand, an indoor HUE near its serving HeNB and far from the MeNB may be harmless. As pointed out in [5], the HUE transmission power should be controlled based on path loss (PL) from the HUE to its worst victim MeNB (i.e. nearest neighbour MeNB). 

The PL from HUE to MeNB can be estimated from HUE measurements of Reference Signal Received Power (RSRP) and MeNB Reference Signal (RS) Transmission (Tx) power. HeNB might know MeNB RS Tx power by means of decoding the variable “referenceSignalPower” in System Information Block Type2 (SIB2) message broadcasted from MeNB [6]. In FDD mode, the estimated downlink PL might be used for an approximation of uplink PL. 

During this work item, such smart power control methods are proposed and their performance gain is investigated [2][3]. The methods are as follows.
7.3.X.1
Power Cap Method
In this method, the maximum transmission power density (i.e. power cap) of HUE is restricted based on the interference rise at MeNB. The power cap is calculated as the function of PL from the HUE to its worst victim MeNB. The HUE is power-controlled based on PL to its serving HeNB, up to the level of the power cap.

Simulation results have been generated for an urban deployment model with varying HeNB density and for either full buffer or bursty traffic. The results are assume a fixed power cap of either 0.2 dB (labelled “tight”) or 7 dB (labelled “loose”, and it should be noted that this is a very loose cap, for which in practice the home UE power will likely be set considering coverage requirements of the HeNB alone rather than also considering interference to the macro layer). 

7.3.X.1.1
Simulation Assumptions

The simulation parameters largely follow the assumption in [7], [8] with the following specific parameters

Table 1: Simulation Parameters
	Parameter
	Assumption

	Deployment
	Urban depolyment

Macro layer has 7 sites (21 sectors) with wrap-around, 500m ISD.

0% (urban) of home UEs are outdoors and 20% of macro UEs are outdoors.

	Number of macro UEs per sector
	20

	Exterior wall loss
	20dB

	Shadowing correlation (one BS to multiple UEs)
	Correlated shadowing

	Macrocell power uplink control
	Max power based on limiting noise rise to macro neighbours

	Femtocell uplink power control
	Max power based on limiting noise rise to macro neighbours (a similar approach to that described in [5] section 7.3.1 for WCDMA).

	Link to system mapping
	Per sub-carrier capacity approach

	Scheduler
	Frequency selective/Proportional fair

	Traffic model
	Full buffer or Bursty

In the case of bursty traffic being modelled, 70% of UEs use the bursty traffic model (see [2] Appendix), the remaining UEs are full-buffer.

	Apartment block model
	Dual stripe, 6 floors (=240 apartments), one “dual stripe” randomly dropped per macro sector. A variable probability of having active femto in each apartment. 

	Pathloss model
	Full (rather than simplified) model [7]


7.3.X.1.2
Simulation Results

Figure 1 below shows the average macrocell sector throughput as a function of the probability that there is an active HeNB in an apartment. Results are shown for two values of the target maximum “noise rise” that the home UE should generate at the macro eNB (“tight” and “loose”). It can be seen that with a low density of active HeNBs the “loose” approach provides adequate protection whereas at higher densities the “tight” cap is appropriate. This goes for both the full buffer and the bursty traffic models.
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Figure 1: Macrocell uplink average sector throughput
Figure 2 below shows the cell edge (5 percentile) macro user throughput as a function of the probability that there is an active HeNB in an apartment. Again it can be seen that with a low density of active HeNBs the “loose” approach provides adequate protection whereas at higher densities the “tight” cap is appropriate. This goes for both the full buffer and the bursty traffic models.
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Figure 2: Macrocell uplink 5 percentile user throughput
Figure 3 below shows the mean Interference over Thermal (IoT) at the macro eNB. It can be seen that the IoT is controlled more with the “tight” cap particularly at high HeNB densities.
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Figure 3: Macrocell Interference over Thermal 
Figure 4 below shows the average HeNB sector throughput as a function of the probability that there is an active HeNB in an apartment. It can be seen that the “loose” cap results in a higher throughput. This goes for both the full buffer and the bursty traffic models.
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Figure 4: Femtocell uplink average sector throughput 
Figure 5 below shows the cell edge (5 percentile) home user throughput as a function of the probability that there is an active HeNB in an apartment. Again it can be seen that the “loose” cap results in a higher throughput.
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Figure 5: Femtocell uplink 5 percentile user throughput 
Figure 6 shows the mean Interference over Thermal (IoT) at the HeNB.
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Figure 6: Femtocell Interference over Thermal

7.3.X.1.3
Discussion of Results

For low densities of HeNB a “loose” power cap is sufficient which allows higher HeNB throughputs than the “tight” power cap which is required for higher HeNB densities.

7.3.X.2
Power Control based on PL from HUE to its serving HeNB and PL from HUE to its worst victim MeNB

The UE specific term of the transmission power density 
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 should be defined as the function of PL from HUE to its serving HeNB (
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) because the uplink transmission power is explicitly defined as the form using PL from UE to its serving eNodeB in the current specification [9]. For example, the power control where the UE specific term of 
[image: image10.wmf]O_PUSCH

P

 is set to 
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 (in dB) corresponds to the power cap method (The term 
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 is cancelled by path loss compensation term and the parameter 
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 is path loss compensation coefficient [9]). In general, the UE specific term of 
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 might be non-decreasing function of 
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 is implementation issue.
One realization of such power control is proposed during this work item; PL difference based power control. In this method, the UE specific term of 
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 is defined as the non-decreasing function of PL difference
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 (in dB). The explicit form of the UE specific term of 
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 is shown in [3].

7.3.X.2.1
Simulation Assumptions

The simulation parameters largely follow the suburban model defined in [7] with the following specific parameters,

Table 2: Simulation Parameters
	Parameter
	Assumption

	Deployment
	Suburban model

Macro layer has 7 sites (21 sectors) with wrap-around, 500m ISD.

10% of home UEs are outdoors and all macro UEs are indoors.

	Number of macro UEs per sector
	10

	Exterior wall Loss
	20dB

	Shadowing correlation (one BS to multiple UEs)
	Correlated shadowing

	Macrocell power uplink control
	Closed loop ICIC based on overload indicator, targeting the IoT value to 10 dB

	Femtocell uplink power control
	PL difference based TPC and 

FPC (for comparison)

	Link to system mapping
	EESM, same 
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 value for all MCS

	Scheduler
	Frequency selective / Proportional fair

	Traffic model
	Full buffer

	Pathloss model
	Full model [7]


7.3.X.2.2
Simulation Results

Figures 7 and 8 show the MUE and HUE throughputs for various HeNB densities, which is the number of HeNB per macro sector. The power control based on PL difference (PL-diff.) and conventional fractional power control (FPC) (set 2 of [8]) are compared. These results are appeared in [3].

Figure 7 indicates that the PL difference based power control mitigates the degradation of MUE throughput than FPC. Figure 8 (right) shows the PL difference based power control can keep the HUE average throughput at the same level of FPC. Its cost is the degradation of HUE 5 percentile throughput as shown in Fig. 8 (left). In the suburban model with 10 % outdoor HUE, the HUE that is correspond to HUE 5 percentile throughput is mainly located outdoors.
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Figure 7: MUE throughput (Left: Average, Right: 5 percentile)
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Figure 8: HUE throughput (Left: Average, Right: 5 percentile)
7.3.X.2.3
Discussion of Results

The power control based on PL difference can mitigate the degradation of MUE throughput. Its cost is the degradation of HUE 5 percentile throughput which is mainly correspond to outdoor HUE.

7.3.X.3
For Future Releases

The above smart power controls require no interference coordination between eNodeBs. As the result, it might be difficult to manage the interference from HUE as HeNB density increases. For future releases (LTE Release 10 or LTE-Advanced),　the adaptive power control by means of X2 or S1 signaling between MeNB and HeNB or between HeNBs should be investigated (e.g. to take account of the density of active femtocells within a macrocell coverage area). Notice that during this work item, the adaptive power controls are proposed and their performance gain is investigated [2][10].
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