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1 Abstract

We propose an inter-cell interference coordination (ICIC) protocol based on adaptive resource partitioning to reduce interference of HeNB’s on the macro cell downlink (DL) and provide simulation results that show the effectiveness of ICIC.

2 Motivation

HeNB’s may use the same spectrum as eNB’s. Due to uncoordinated deployment of HeNB’s (set up by users) it is essential to limit interference to eNB’s. Two factors help with the interference problem: (1) Smaller cell radius and, hence, much lower transmission power in femto cells (e.g., maximum 46dBm vs. 20dBm in DL in [R4-092042]); (2) wall penetration loss (e.g., 10dB or 20dB in [R4-092042]) isolates indoor HeNB’s against the outside.

A critical interference scenario is a HeNB disturbing the DL of a UE in its vicinity that is not member of its closed subscriber group (CSG) while the UE has strong attenuation to its respective eNB (e.g., cell edge area), which is scenario 3 in [R4-091976]. This case is considered in more detail in the following.

3 Inter-Cell Interference Coordination (ICIC)

UL interference coordination between macro cells is described in [TS 36.423]. A high interference information (HII) message may be sent via the X2 interface between eNB’s to indicate physical resource blocks (PRB’s) with high interference sensitivity in the UL.

3.1 DL ICIC between eNB’s and HeNB’s

To reduce the DL interference of HeNB’s on the data channel of nearby macro UE’s we propose to use ICIC between macro and femto cell. Resource partitioning is adaptively applied to control the interference of HeNB’s as follows:

1) A UE detects the E-UTRAN cell global identifier (ECGI) and the signal strength of surrounding eNB’s and HeNB’s by reference signal received power (RSRP) measurements and sends reports to the eNB or HeNB that it is connected to [TS 36.311]. This is done using the same radio resource control (RRC) mechanisms that are already implemented for mobility activities and handover.

2) The eNB that the UE is connected to signals a DL-HII message to interfering HeNB’s. The DL-HII message consists of the ECGI’s of the sending eNB and the interfering HeNB and a field indicating the physical resource blocks (PRB’s) with high interference sensitivity.

3) The HeNB’s receiving a DL-HII message must refrain from using the resources indicated by the DL-HII message. A new DL-HII message from the same eNB overrides older DL-HII messages.

4) The eNB may schedule the UE preferably on those PRB’s that have been indicated in the DL-HII message to benefit from the low interference power condition on these PRB’s.

With the proposed adaptive resource partitioning HeNB’s that do not have a macro UE nearby may continue to use all PRB’s, only few HeNB’s that cause critical interference to the macro cell will experience a degradation.

3.2 Request and Release Signaling

Not all deployed HeNB’s contribute to interference on the data channel. If the HeNB does not transmit data, e.g., all UE’s in the femto cell are camping, it is not necessary to perform ICIC with the respective HeNB. Therefore, we propose the following protocol over the X2 interface:

· When a UE connects to a HeNB the HeNB sends a “request” message via X2 to nearby eNB’s to request DL-HII messages; when the last UE disconnects from the HeNB the HeNB sends a “release” message to the same eNB’s.

· When an eNB receives a “request” message it notes the HeNB’s ECGI in a list; when the eNB receives a “release” message the HeNB’s ECGI is removed from the list.

· The eNB sends DL-HII messages only to those HeNB’s that are on its list.

By request and release signaling HII messages are only sent when an HeNB could actually cause interference because it has active UE’s. Unnecessary overhead on the X2 interface an on the HeNB GW caused by exhaustive HII signaling is avoided. This is especially relevant when there are many HeNB’s in a macro cell but only few of them are active.

4 Changed Architecture

The current architecture of the HeNB subsystem (HeNS) is specified in [TS 36.300], which lacks an X2 connection to HeNB’s.

Figure 1 shows the E-UTRAN architecture required for DL-HII signaling between eNB’s and HeNB’s. For HeNB’s connected via HeNB GW the X2 interface is extended to the HeNB GW. eNB’s have only an X2 interface to a specific HeNB GW, if that HeNB GW may have HeNB’s in the interference protection area of the corresponding eNB. HeNB’s that are directly connected to the MME / S-GW may either have a direct X2 connection to nearby eNB’s or they may have an X2 connection to the HeNB GW.

The HeNB GW receives DL-HII messages from eNB’s via the X2 interface and forwards the message to the recipient denoted in the message header. Moreover, the HeNB GW receives “request” and “release” messages from the HeNB’s and forwards them to all eNB’s connected via X2 interface to the HeNB GW.

HeNB’s that are directly connected to eNB’s via X2 exchange DL-HII, “request” and “release” messages directly.
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Figure 1: E-UTRAN architecture with X2 interface extended to HeNB’s

5 Simulation Results

The DL data transmission of a cellular system with eNB’s and HeNB’s has been simulated. Parameters are summarized in Table 1 and chosen as detailed in [R4-092042] with the following options or deviations: 3 tiers comprising of 19 active cells (i.e., sectors) surrounded by 2 tiers comprising of 42 passive cells are simulated. The dense urban scenario is investigated with an inter site distance (ISD) of 500 meters. The 5x5-grid model is used for HeNB deployment with 4 5x5-grids per sector. Path loss models are chosen according to [R4-092042] to fit the above scenario, with a wall penetration loss of 20 dB where applicable. Macro UE’s in the 5x5 grid are indoors (14%), all other macro UE’s are outdoors (86%). Frequency selective fading is modeled; round robin (RR) scheduling is used with always full buffers. We are simulating an eNB / HeNB with 1 Tx antenna per sector; the UE’s perform MRC with 2 Rx antennas. Closed access policy is assumed for all HeNB’s. Only interference on the data channel is investigated.
Table 1: Simulation Parameters
	Interference scenario
	Downlink data channel

	Access policy
	Closed access

	Scenario
	Dense urban

	Number of cells
	19 active (3 tiers), 42 passive (2 tiers)

	Inter site distance
	500 m

	HeNB deployment
	5x5 grid

	Macro UE location
	14% indoor, 86% outdoor

	Wall penetration loss
	20 dB

	Fading model
	Frequency selective fading

	Scheduler
	Round robin

	Traffic model
	Full buffers

	Tx antennas
	1 (eNB, HeNB)

	Rx antennas UE
	2, MRC

	Other parameters
	As specified in [R4-092042]
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Figure 2: Macro DL throughput
In Figure 2 the DL throughput of macro UE’s is shown. While the average throughput is slightly improved by the proposed resource partitioning, the 5 percentile throughput is increased by factor 5.
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Figure 3: Femto DL throughput
Figure 3 shows that the femto DL experiences a degradation because some resources are reserved for the eNB. Still, the absolute data rates are much higher than those that are achieved in the macro cell because of the small size of the femto cell and the less users, i.e., only one UE per HeNB compared to 10 UE’s per eNB sector.
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Figure 4: Macro DL throughput with macro UE nearby HeNB
In Figure 4 only those macro UE’s are considered that are in close vicinity to a femto cell and, hence, are being exposed to strong interference. The average throughput is clearly increased by resource partitioning. A strong improvement is identified for cell edge users: the 5 percentile throughput improves by factor 40. Since strong interference from the close HeNB is avoided with the proposed scheme the affected macro UE’s can improve their SINR significantly.
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Figure 5: Femto DL throughput with femto UE nearby macro UE
The DL throughput of the corresponding femto UE’s that have to spare some of their resources for a macro UE in their vicinity is shown in Figure 5. Since each of the 10 macro UE’s is scheduled only 10% of the total resources even with resource partitioning the HeNB can still use most of the PRB’s and the degradation is not too large.

A summary of the performance values from Figure 2 to Figure 5 is given in Table 2.
Table 2: Downlink Throughput Comparison
	
	Macro cell
	Femto cell

	
	All macro UE’s
	Macro UE’s with
nearby HeNB
	All femto UE’s
	Femto UE’s with
nearby macro UE

	Mean
	Conventional
	2.4 Mbit/s
	1.1 Mbit/s
	61.0 Mbit/s
	61.3 Mbit/s

	
	Proposed
	2.6 Mbit/s
	1.9 Mbit/s
	57.5 Mbit/s
	52.0 Mbit/s

	5 percentile
	Conventional
	71.9 kbit/s
	5.5 kbit/s
	16.5 Mbit/s
	17.7 Mbit/s

	
	Proposed
	358 kbit/s
	232 kbit/s
	15.5 Mbit/s
	14.6 Mbit/s
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