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1 Introduction

In the last RAN4#53 meeting, several text proposals on interference management techniques in the area of smart power control, frequency partitioning and control channel protection were approved for the WI technical report 36.9xx [1]. Among interference management techniques, DL and UL smart power control schemes are proposed and approved in [2]. 
In this contribution, a new DL smart power control scheme which is based on Home UE (HUE) measurements is proposed and evaluated with system level simulations.
2 HeNB Power Control Based on HUE Measurement
Home eNB (HeNB) typically sets its own transmit power by measuring surrounding RF conditions of macro cells through Network Listen Mode (NLM) to mitigate interference to macro UEs (MUE) and to maintain good HeNB indoor coverage for Home UEs (HUE). However, there may be a significant difference between the RF conditions measured by the HeNB and those experienced by the MUEs or HUEs. Even in an indoor environment, the HeNB and the HUEs may measure significantly different RF conditions in some cases such as between different rooms, or between different floors. It is difficult to solve this difference with NLM only. The NLM during operation may be a big burden on the HeNB.
An example where there is a significant difference between the RF conditions measured by HeNB and HUEs is shown in Figure 1. In the left figure, the scenario where a HeNB and a HUE is located at edge and center of a house respectively and a MUE is located at the close proximity of the house is depicted. The edge and the center of the house assume to be isolated by an internal wall. In this case the HeNB transmit power is set to a relatively higher value because the signal level from MeNB (RSRP) is relatively high. As a result the interference to the MUE will significantly increase and the HeNB indoor coverage is unnecessarily widened. On the other hand, in the right figure, the scenario where a HeNB and a HUE is located at center and edge of a house respectively and a MUE is located at the close proximity of the house is depicted. In this case the HeNB transmit power is set to a relatively lower value because the signal level from MeNB is relatively low. As a result the HeNB indoor coverage is significantly narrowed while the interference to the MUE will decrease. In these scenarios it is necessary for the HeNB to consider measurement results of HUEs in order to set transmit power appropriately.
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Figure 1:  Scenarios where HeNB transmit power is not appropriately set.

During normal operation, it is useful to use HUE measurements (or measurement statistics) to optimize the HeNB transmit power after an initial setup. This is particularly useful in co-channel deployments and can provide better protection for MUEs while maintaining good HeNB coverage to the HUEs. This is also useful because the HeNB transmit power control based on the HUE measurements can avoid the big burden on the HeNB transmit power control based on the NLM. The same scheme has been also proposed and approved for HNB case in 7.2.1.5.1 of [3].
Our proposed power control algorithm is as follows. HeNB should initially set transmit power of reference signal or maximum downlink transmit power based on measurements of RF conditions of macro cells such as RSRP. Then HUE should measure quality level of the reference signal from the HeNB such as RSRP or RSRQ and report the measurement result to the HeNB based on the ordinary measurement report scheme. Then the HeNB should optimize the transmit power based on the measurement results so that subsequent measurement results are close to a predetermined or network notified target value. If multiple HUEs connect to the HeNB, the minimum value of the measurement results reported by each HUE should become close to the target value. The measurement result may be measurement statistics such x-percentile value.
Above proposed scheme can improve the problem in Figure 1. In the left figure the HeNB will decrease the transmit power and the interference to the MUE will be mitigated because the HUE measurement result shows good quality and it is preferable to decrease the transmit power. In the right figure the HeNB will increase the transmit power and the indoor coverage will be widened because the HUE measurement result shows poor quality and it is preferable to increase the transmit power.
3 Simulation Assumptions
Table 1-3 summarizes the simulation assumptions and parameters which are used in this contribution based on [4]. 

Table1. Macrocell system assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	1732 m

	Number sites
	7 (=21 cells) with wrap-around.

	Carrier Frequency
	2000 MHz

	Path loss from MeNB to MUE
	128.15+37.6log10(R) [dB]  

   R [km]: Distance from MeNB to MUE

	Path loss from MeNB to HUE or HeNB
	128.15+37.6log10(R’) + PL + α*d [dB]

   R’ [km] Distance from MeNB to wall of house

   PL [dB] : Penetration Loss

   α [dB/m]: Factor (set to 0.7)

   d [m]: Distance from wall of house to HUE or HeNB

	Shadowing standard deviation
	8 dB (see section 5.3 in in [4])

	Auto-correlation distance of Shadowing
	50 m (see section 5.3 in [4])

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3 in [4])

	
	Between sectors
	1.0 (see section 5.3 in [4])

	Penetration Loss (assumes UEs are indoors)
	Mixed with 5, 10, and 20 dB at equal probability 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See section 5.1 in [4]

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	43 dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Traffic model
	Full buffer with 10 Macro UEs per sector.

	UE distribution
	See below

	Minimum distance between UE and cell
	>= 35 m

	UE speeds of interest
	3 km/h

	DL Receiver Type
	MRC (single stream) 


Table 2. HeNB system assumptions

	Parameter
	Assumption

	Cell Radius
	10 m

	HeNB Frequency Channel
	same frequency and same bandwidth as macro layer

	Min separation UE to HeNB
	10 cm

	Number Tx antennas HeNB
	1

	Number Rx antennas HeNB
	2

	HeNB antenna gain
	0 dBi

	Exterior wall penetration loss
	Mixed with 5, 10, and 20 dB at equal probability

	Path loss from HeNB to HUE
	38.02 + 30.0*log10(D) [dB]

   D [m] : Distance from HeNB to HUE

	Path loss from HeNB to MUE
	38.02 + 30.0*log10(D’) + PL[dB]

   D’ [m] : Distance from HeNB to MUE

	Log-normal shadowing standard deviation
	4 dB

	Noise figure HeNB
	8 dB

	Min/Max Tx power HeNB
	-20/20 dBm

	Carrier bandwidth
	5 MHz

	Target RSRP 
	-70, -65, -60, -50, -40 dBm

	Change size of transmit power
	1 dB


Table 3. Suburban HeNB modelling parameters

	Parameter
	Value

	Minimum separation HeNB to macro BS
	35 m

	Number of active HeNB UEs per HeNB cell
	1

	Number of HeNB per macro sector
	10

	Distribution of HeNB
	See below

	Distribution of HeNB UE within HeNB house
	See below


Figure 2 shows two cases of distribution of HeNB and HUE within a house. Case (1) simulates a scenario of the smallest interference to the MUE. Case (2) simulates a scenario of the largest interference to the MUE. Each house and MUE distributes randomly within macro coverage area and subject to minimum separation to MeNB and non-overlapping constraint.
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(1) HeNB at center and HUE at edge of a house        (2) HeNB at edge 1 and HUE at another edge 2 of a house
Figure2:
Two scenario of HeNB and HUE distribution within a house
4 Simulation Results

We compare two power control schemes as below: 
Scheme 1: Only reception power from MeNB is considered

· HeNB transmit power is set based on RSRP from MeNB and fixed power offset

· HeNB transmit power is not optimized after an initial setting

Scheme 2: Proposed scheme
· Proposed scheme in section 2 is evaluated

· HeNB transmit power is optimized based on measurement results of HUEs after an initial setting

We define the following performance requirement for MeNB and HeNB for evaluation: 

MeNB: 5% User Throughput should be large at the constant level of HeNB User Throughput

HeNB: Average User Throughput should be large at the constant level of MeNB User Throughput
In this section, both HeNB and HUE location distribution scenarios from Figure 2 are evaluated. Figure 3 shows the simulated performance curves between HeNB average user throughput and MeNB 5% user throughput for each location scenario. The effect of proposed scheme 2 is that the HeNB user throughput at a constant level of the MeNB user throughput in scheme 2 is better than that from scheme 1 by 40% at the largest regardless of the HeNB and HUE locations.
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(1)  HeNB at center and HUE at edge of a house       (2) HeNB at edge 1 and HUE at another edge 2 of a house
Figure 3:
Relation between HeNB average user throughput and MeNB 5% user throughput for each location

5 Analysis

In [2], we proposed another smart power control scheme based on HeNB-MUE path loss. In that scheme, it estimates the path loss between the HeNB and MUE with measured RSRP of a MeNB and UL received interference power from the MUE and appropriately sets HeNB transmit power to reduce the interference to the MUE. However, this scheme can not fully guarantee the received signal quality and hence the indoor coverage and may cause throughput degradation to indoor HUEs because the measurement results from the HUEs are not considered.
On the other hand, the proposed scheme in this contribution estimates the indoor coverage with measurement results from HUEs such as RSRP or RSRQ and appropriately sets the HeNB transmit power to provide good indoor signal quality. As shown in the performance results, this can be achieved regardless of position of the HeNB. However, this proposed scheme does not fully consider the interference to the MUE and may cause a coverage hole for the MUE since the measurement results from the MUE are not considered. Hence, the two proposed schemes complement each other and should be jointly used to mitigate interference to MUEs and the indoor coverage can be appropriately compensated.

6 Conclusion

In conclusion, the power control based on the HUE measurements is more effective and useful than the conventional power control based on the reception power from the surrounding macro cell alone.
7 Text Proposal (Addition in section 7.2.3 of [1])
<< Start of TP>>
7.2.3.x
HeNB power control based on HUE measurement

Home eNB (HeNB) typically sets its own transmit power by measuring surrounding RF conditions of macro cells to mitigate interference to macro UE (MUE) and maintain good HeNB indoor coverage for the Home UEs (HUE). However, there may be a significant difference between the RF conditions measured by the HeNB and those experienced by the MUEs or HUEs. Even in an indoor environment, the HeNB and the HUEs may measure significantly different RF conditions in some cases such as between different rooms, or between different floors. It is difficult to solve this difference with NLM only. The NLM during operation may be a big burden on the HeNB.
An example where there is a significant difference between the RF conditions measured by HeNB and HUEs is shown in Figure 7.2.3.x-1. In the left figure, the scenario where a HeNB and a HUE is located at edge and center of a house respectively and a MUE is located at the close proximity of the house is depicted. The edge and the center of the house assume to be isolated by an internal wall. In this case the HeNB transmit power is set to a relatively higher value because the signal level from MeNB (RSRP) is relatively high. As a result the interference to the MUE will significantly increase and the HeNB indoor coverage is unnecessarily widened. On the other hand, in the right figure, the scenario where a HeNB and a HUE is located at center and edge of a house respectively and a MUE is located at the close proximity of the house is depicted. In this case the HeNB transmit power is set to a relatively lower value because the signal level from MeNB is relatively low. As a result the HeNB indoor coverage is significantly narrowed while the interference to the MUE will decrease. In these scenarios it is necessary for the HeNB to consider measurement results of HUEs in order to set transmit power appropriately.


Figure 7.2.3.x-1
Scenarios where HeNB transmit power is not appropriately set.

In order to improve the above described problems, it can be beneficial to utilize HUE measurements (or measurement statistics) to optimize the HeNB transmit power after the initial start up. This is particularly useful in co-channel deployments and can provide better protection for MUEs while maintaining good HeNB coverage for the HUEs. Furthermore, by utilizing HUE measurement reports, the burden on HeNB transmit power control solely based on NLM can be avoided.
HeNB should initially set transmit power of reference signal or maximum downlink transmit power based on measurements of RF conditions of macro cells such as RSRP. Then HUE should measure quality level of the reference signal from the HeNB such as RSRP or RSRQ and report this value to the HeNB via measurement reporting. Based on the measurement results, the HeNB should optimize the transmit power so that the subsequent reported measurement values are close to a predetermined or network notified target value. If multiple HUEs are connected to the HeNB, the minimum value of the reported measurement results from each HUE should become close to the target value. The measurement result may be measurement statistics such as x-percentile value.
As shown in [5], the above scheme can improve the problem shown in Figure 7.2.3.x-1. In the left figure the HeNB will decrease the transmit power and the interference to the MUE will be mitigated because the HUE measurement result shows good quality and it is preferable to decrease the transmit power. In the right figure the HeNB will increase the transmit power and the indoor coverage will be widened because the HUE measurement result shows poor quality and it is preferable to increase the transmit power.
<< End of TP>>
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