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1 Introduction
In the recent meeting, interference management or mitigation methods for HomeNodeB(HNB) were discussed. According to [1] the method will provide guideline to mitigate the interference. Except of controlling power, there are other technologies for mitigating interference. This contribution provides some interference mitigation or management technologies and suggests these technologies can be used as guideline.
2 Scenario
Interference between HNB and macro network is shown in the following figure.
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Figure 1 Interference Between HNB and Macro Network

There are interferences both in uplink and downlink between HNB and Macro network.

Downlink Interference from Macro to HNB UE

HNB UEs are interfered in downlink by macro network. The interference is large when an HNB is deployed in area near a co-channel macro base station, which causes coverage shrink of the HNB.

Uplink Interference from HNB UE to Macro

When one or more HNB UEs are on the edge of HNB coverage zone, it is possible that the HNB UEs cause uplink interference to macro network. With this interference, coverage and capacity of macro network decline.

Downlink Interference from HNB to Macro UE

When a macro UE is approaching an HNB, it will suffer interferences in downlink from the HNB, which may cause call drop. In other word, there will be a dead zone of macro UE near an HNB. The dead zone is large when the HNB is deployed in an area far from a co-channel macro base station, where macro signal is weak. Even in adjacent-channel deployment, there is a dead zone with a radius of one meter or more around the HNB.

Uplink Interference from Macro UE to HNB

When a macro UE in service is approaching an HNB, it will interfere to the HNB in uplink, which causes large noise raise. Even in adjacent-channel deployment, there is a considerable noise raise when a macro UE is very close to the HNB with a distance less than several meters.
3 Interference Mitigation/Management Methods
Auto-Planning for Frequency and Scramble Code

HNBs should have abilities of detecting interference and scramble code. Using these information detected, a HNB select a frequency with less interference and a spare scramble code which is not used by neighbor HNBs.

Auto-Adjust of Transmit Power

HNBs with larger transmit power cause more interference to macro network and neighbor HNBs. Therefore transmit power of HNBs should be controlled. Coverage range and interference level of the deployment environment of HNBs are different and variable, so it is not proper to set a uniform transmit power for all HNBs . HNBs should have an ability of adjust power automatically. To order to accomplish this function, HNBs should detect interference and signal quality, which will be used to make a decision to increase or decrease the transmit power.

Restriction of UE Transmit Power

Because of the lower transmit power of a HNB than the macro cell, the downlink coverage radius of the HNB is much smaller than uplink coverage radius. Therefore there is a big margin on HNB UE Tx Power and it can be reduced without deteriorating uplink performance. Moreover, there is a large risk that HNB UEs may cause uplink interference to macro network, which can not be accepted. So, the maximum transmit power of HNB UE should be controlled and be restricted to a reasonable value. With this value, HNB UEs can get satisfying service but don’t cause uplink interference to macro network.

Interference Indication

A HNB should indicate their interference level to the owner. With this indication, the owner makes decision where is the proper place to install HNB. 

Handover and Auto-Configuration of Macro Neighbor Cells

Handover from HNB to macro based coverage should be supported. While an HNB UE leaves coverage area of HNB it can be handed over to macro network, which avoids causing large uplink interference to the macro network. In order to support the handover from HNB to macro network, macro neighbor cells must be configured. HNBs should detect macro neighbor cells and add them to their neighbor cell list automatically.

Handover and Auto-Configuration of HNB Neighbor Cells

When a number of HNBs may be required to be deployed as a small network, handover between HNBs should be supported. HNBs would be required to detect neighbor HNB cells and configure them in neighbor cell list.
4 Conclusion
In this contribution, different interference mitigation/management methods are proposed. The draft TP in Annex is provided to introduce the functions and methods to provide guideline.
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5.1 Radio scenarios

5.1 Deployment configurations
5.1.x Auto-Planning for Frequency and Scramble Code
HNB should have abilities of detecting interference and scramble code. Using these information detected, a HNB select a frequency with less interference and a spare scramble code which is not used by neighbor HNBs.

HNB can monitor the radio signal in its downlink bands before setting up its own cell. Once the HNB gets the inference level (RSSI) on each of its available frequencies, it selects a frequency as its working frequency which has the smallest interference. Then, the HNB selects a scramble code as its working scramble code which is not used by the neighbor HNBs or macro cells.
5.1.y Handover and Auto-Configuration of Neighbor Cells

HNB would be required to detect neighbor HNB cells or macro neigbouring cells and configure them in neighbor cell list. And handover between HNBs and handover between macro and HNB should be supported.

While an HNB UE leaves coverage area of HNB it can be handed over to macro network, which avoids causing large uplink interference to the macro network. In order to support the handover from HNB to macro network, macro neighbor cells must be configured. HNBs should detect macro neighbor cells and add them to their neighbor cell list automatically.

When a number of HNBs may be required to be deployed as a small network, handover between HNBs should be supported. HNBs would be required to detect neighbor HNB cells and configure them in neighbor cell list.

The auto-configuration of neighbor cells can also be completed by HNB receiving signals from the neighbor cells and decoding the cell information (such as scramble code, cell ID, etc.), then configuring them in its own neighbor cell list.
5.1.z Interference Indication
A HNB can indicate its interference level to the owner. With this indication, the owner can make decision where is the proper place to install HNB. The interference level can be indicated to the ower by different indication method.

The HNB can give three types of interference indications to the owner as following: 
(1) Downlink interference from the co-channel macro cells. It can be indicated if the interference from the macro network is bigger than the defined threshold. The purpose of this indication is that if the HNB is installed near a macro base station, the HNB coverage radius would be too small to meet the user’s requirement.

(2) Uplink interference. The HNB monitors the RTWP, and it can be indicated if the RTWP is bigger than the threshold defined. The purpose of this indication is that the HNB uplink performance would deteriorate with large uplink interference.

(3) Downlink interference difference between the location of HNB being installed and the coverage edge. It can be indicated if the interference on the coverage edge is larger than the interference on the location of HNB being installed by a defined value. The purpose of this indication is letting the owner know he can improve the coverage performance by change the location of HNB. The downlink interference on the coverage edge can be gotten by UE measurement reports.

8 Means to set maximum power
8.1 x Restriction of UE Transmit Power
Because of the lower transmit power of a HNB than that of the macro cell, the downlink coverage radius of the HNB is much smaller than uplink coverage radius. Therefore there is a big margin on HNB UE Tx Power and it can be reduced without deteriorating uplink performance. Moreover, there is a large risk that HNB UEs may cause unaccepted uplink interference to macro network. So, the allowable transmit power of HNB UE should be controlled and be restricted to a reasonable value. With this transmit power, HNB UEs can get satisfying service but don’t cause uplink interference to macro network.

So the allowable transmit power of HNB UE should be controlled and be restricted to a reasonable value.

From view of coverage balance on uplink and downlink, the restricted value of transmit power of HNB UEs can be determined by the HNB transmit power and downlink interference level. This is because the HNB transmit power and downlink interference level determine downlink coverage of HNB. The downlink interference level can be measured by HNB.

9 Guidance on how to control HNB power

//Editors address configutation and interference scenarios in TS 25.820//

9.1 Control of HNB power relative to macro cell layer
9.1.x Auto-Adjust of Transmit Power
HNBs should detect interference and signal quality. HNBs should have an ability of adjusting power automatically based on the information.

In addition, HNB can use a power auto-adjust method as following:

(1) The HNB UE starts a “special call”. The phone number is registered by the network and can be identified by the HNB.

(2) After the HNB identifies the special call, it starts to collect the measurement report from the UE.

(3) The user walks around in the place requested coverage for a few minutes and hangs the call up.
(4) The HNB make a judgment on whether the coverage of the HNB is acceptable and decides whether it is needed to increase or reduce the transmit power.

(5) The HNB adjusts the transmit power according to the above result.

9.2 Control of HNB power relative to other HNB
9.2.x Auto-Adjust of Transmit Power
HNB should detect interference and signal quality. HNBs should have an ability of adjust power automatically based on the information. 
In addition, the power auto-adjust method as 9.1.x also can apply to control HNB power relative to other HNB.

9.3 Control of HNB coverage 
In order to ensure coverage and performance, the principle is to guarantee coverage at the same time to keep HNB transmit power as low as possible. 
Power auto-adjust method in Section 9 is a very effective method considering coverage by controlling HNB transmit power.
And by HNB adjusting power automatically based on interference and signal quality detected, HNB coverage is correspondingly affected and controlled.
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