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1 Introduction

As per the guidance in [1], RAN4 has been requested to consider time-domain and power setting solutions to mitigate interference in heterogeneous deployments of macro-femto or macro-pico scenarios.  In particular if femto-cells or Home eNB (HeNB)s are operating in a closed subscriber group (CSG) mode, autonomous power control setting at the HeNB can be employed to mitigate interference by the HeNB to the macro UE (MUE). This contribution discusses the trade-offs between various autonomous power setting solutions for CSG HeNB deployments in a macro network and proposes a framework to define the output power control requirements of the HeNB.
2 Background: summary of discussion in RAN4

The notion of autonomous power control setting at a HeNB has previously been investigated in a number of contributions in RAN4 including [4], [5] and [6]. In [4] both proactive and reactive HeNB power setting schemes have been investigated and a simple proactive linear power setting scheme based on network mode listening (NML) of the strongest co-channel macro interferer has been proposed. Analysis of this approach has shown a reduction in MUE outage from 18% with no power control setting, to less than 4% with HeNB power control setting.  In [5] a similar autonomous power control setting approach is proposed based on the strongest received power level of a macro eNB received at the HeNB. In [6] the performance of HeNB power setting schemes based on HUE measurement or NML is also investigated. Simulations show a 5% MUE SINR improvement of up to 20 dB with network listening at the HeNB.
3 Observation from Rel-9 Studies

In the context of Release 9, a number of interference mitigation schemes have been investigated in [2] and [3] for HeNB deployments in a macro network, including power control solutions at the macro network and the HeNB. The approaches investigated include: power control setting based on HUE measurements; power control based on interference measurements from the macro eNB; and HeNB power control based on HeNB to macro eNB path loss. In conjunction with the path loss estimate, a configurable offset based on the propagation conditions was also investigated. For the uplink control channels power control based on the path loss to the worst victim macro eNB has been proposed. As well, a second approach was investigated based on a power cap method that restricted the maximum power spectral density of the HUE in order to limit the possible interference to the macro eNB.
3.1 HeNB Interference Scenarios with CSG
In [2] and [3] a number of interference scenarios for femto or Home eNB (HeNB) to macro overlay solutions are defined that are applicable to both FDD and TDD implementations. This contribution will focus on the scenarios that are applicable to closed subscriber group (CSG) operation at the femto-cell operating in a macro-femto deployment. These interference scenarios are summarized in Table 1 below, derived from the interference scenarios defined in [2]. In scenario 1 the ability of a macro UE (MUE) to communicate with its serving eNB will be impaired on the uplink by a HeNB UE (HUE) communicating
Table 1: CSG HeNB Interference Scenarios

	Number
	Aggressor
	Victim
	Priority
	Comments

	1
	UE attached to HeNB
	Macro eNB Uplink
	Low 
	Low priority for CSG cells, but important for co-existence

	2
	HeNB
	Macro eNB Downlink
	High
	Solution required for CSG cells

	3
	UE attached to Macro eNB
	HeNB Uplink
	High
	Merits additional study. ….                                          

	4
	Macro eNB
	HeNB Downlink
	Low
	Merits additional study


to its serving HeNB, if the HeNB is located close to the macro eNB and the MUE is near the cell edge of the macro cell, particularly in link budget limited situations. This situation can be addressed by autonomous power control of the HUE transmissions by the HeNB. Similarly in scenario 2, the ability of the MUE to receive a transmission from the macro eNB will be impaired if the MUE is near the cell edge of the macro-cell and close to a HeNB that is transmitting on the DL to a HUE. Scenarios 3 and 4 correspond to the reciprocal cases in which the HeNB transmissions and reception are impaired by the eNB or MUE transmissions if the HeNB is close to the MUE or macro eNB respectively. Scenario 3 could cause significant impairment to uplink of a CSG HeNB in the case where the HeNB is located near the cell edge of the macro-cell and a MUE being served by macro eNB comes in close proximity to the HeNB while the MUE is transmitting at or near its maximum power. Scenario 4 will be problematic for HUE’s served by a HeNB located close to the macro eNB, while the macro eNB is serving a MUE close to its cell edge. In such a scenario, the eNB would cause significant interference on the HeNB due to the near/far nature of the interference scenario. 
3.2 HeNB Signal Measurement Capabilities
The most appropriate approach to interference mitigation for the CSG scenarios defined in section 3.1 will be dependent on the type and accuracy of the measurements that can be carried out by the HeNB. Table 2 below, derived from [3] identifies a number of measurement approaches that can be employed at the HeNB to estimate the level of interference seen by the MUE or macro eNB. Since for the case of a CSG, there is no communication between the HeNB and the macro eNB, the set of effective measurements that can be achieved is a subset of what can be achieved without CSG and the solution will be suboptimal from what could be achieved without the restrictions of a CSG.
Table 2: Autonomous HeNB Measurement Capabilities Available with CSG
	Interference Scenario & geometry
	Interfered Link
	Measurement Type
	Purpose

	1. HeNB close to macro eNB with the MUE at the macro cell edge
	UL at macro eNB
	a) Macro- eNB DL RSRP at HUE
b) MUE UL received power (RP) at HeNB
	a) Estimate distance of HeNB to macro eNB

b) Estimate distance of MUE from HeNB

	2. HeNB close to a MUE at the cell edge of the macro cell 
	DL at MUE
	a) Macro- eNB DL RSRP at HUE
b) MUE UL RP at HeNB
	a) Estimate distance of HeNB to macro eNB

b) Estimate distance of MUE from HeNB

	3. HeNB close to a MUE at the cell edge of the macro cell
	UL at HeNB
	HeNB RSRP measured at MUE
	Not amenable to a power control solution at the HeNB. FFS

	4. HeNB close to the macro eNB with MUE at the macro cell edge
	DL at HUE
	HUE UL RP measured at the macro eNB
	Not amenable to a power control solution at the HeNB. FFS


Based upon the scenarios defined in section 2, a HeNB can estimate the likelihood of scenario 1 occurring based on the RSRP from the macro-eNB DL. For HeNBs close to the macro-eNB, the long term average of the macro-eNB DL RSRP as measured by the HUE will be high relative to a configurable threshold, allowing the HeNB to quantify the likelihood of scenario 1 occurring. In addition, based on the received UL received power (RP) from the MUE at the HeNB, the HeNB can then ascertain the likelihood that a MUE is transmitting and power control down the HUEs that it is serving on the RBs corresponding to those in use by the MUE. Similarly for scenario 2, measuring the DL eNB RSRP at the HUE and UL RP at the macro-eNB will allow HeNB to predict the presence of a close transmitting MUE when the HeNB is near the cell edge of the macro-cell.
3.3 HeNB Interference Mitigation Solutions for CSG
As detailed in the introduction to section 3,  [2] and [3] proposed a number of power control solutions to mitigate the interference to the macro eNB or MUE in the presence of HeNB deployments. Simulation results captured there-in show the effectiveness of these power control solutions in reducing the interference levels at the eNB or MUE. In particular it has been shown that a power control scheme based on an estimate of the path loss difference between the HUE and its serving HeNB versus the pathloss between the HUE and the victim macro eNB is robust as a function of the HeNB deployment density in the macro-cell and outperforms a fractional power control solution at the HeNB. Based on these results as well as the performance gains of the power setting approaches investigated in [4], [5] and [6], it is proposed that a solution based on HeNB internal measurements be employed within CSG HeNB deployments in order to mitigate the interference of HeNB deployments on the macro eNB and MUE operation. Furthermore, such a robust approach can be implemented without the need for communication between the macro-eNBs and the HeNBs, does not require synchronization between the macro eNB’s and HeNB’s and is backwards compatible with Release 8 LTE macro deployments. Based on these observations, the following principles for defining the HeNB power requirements are proposed.
4 Principles for defining output power requirements for HeNBs
1. The HeNB power setting requirements should be based on internal measurements, 
2. If necessary the HeNB may use the existing UE measurements. 
3. The power setting requirements should not imply or mandate any specific power setting algorithm. This is to make sure that the network has enough implementation flexibility. 
4. The scheme should not require any configurable parameters or involvement of the network (e.g. core network).
5. The requirements should be expressed using similar approach used for the adjacent carrier – 36.104 e.g. in terms of maximum output power as a function of the input radio conditions. RAN4 needs to identify suitable conditions.

5 Conclusion
This contribution has discussed some of the aspects of the interference scenarios that exist with the deployment of CSG HeNB’s overlaid on a macro eNB network. Based on previous contributions on HeNB power setting for CSG, it is proposed that the use of internal measurements by the HeNB and if necessary the HUE’s be employed as an input to a power control scheme to provide a robust solution to interference by the HeNB to the MUE and macro eNB. Furthermore, it is proposed that this solution not mandate any specific power setting algorithm, and that the power setting scheme not require any configurable parameters or the involvement of the core network. It is also proposed that the requirements be expressed in terms of the maximum output power as a function of the input radio conditions.
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