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1 Introduction

In RAN#44, a new RAN3 SI “Study on Enhanced Interference Management Mechanisms for HNBs”[1] is agreed to investigate enhanced interference management methods in Rel9 between macro network and HNB as well as HNB and HNB to mitigate HNB-to-Macro interference, Macro-to-HNB interference and the inter-HNB interference. This contribution gives discussion on possible HNB interference mitigation solutions from RAN3 point of view. 
2 Discussion
In the co-channel deployment scenario, the HNBs are deployed on the same channel as the macro network, and macro UEs can experience interference from HNB DL when the macro UE is nearby a HNB or gets close to the HNB. Whatever the Tx power of a HNB is low or high, the downlink interference from the HNB will result in coverage holes in the macro network. But the HNB is deployed in the users’ personal house, which means this coverage holes is located in user’s personal space. This coverage hole is for the unauthorized UEs, which is not in the CSG. In most scenarios, the UEs close to the HNB are belongs to the owner of the HNB, which must be in the CSG of the HNB. When a friend visits the house, the HNB owner can add the UE of the friend as a temporary user, and this problem is also resolved. Regarding the co-channel deployment, this enhanced HNB interference management is achieving the trade-off between MUE protection from HNB and HNB coverage for the case of co-channel HNB-MNB deployment. 
Work assumption: the enhanced HNB interference management is to guarantee the HNB coverage in home area and minimize the HNB interference to the Marco UE in public space.
· There are three possible solutions discussed in RAN4 SI “Enhanced interference Management for HNBs”:
· Control of HNB power or macro UE based on network control [3]
· UE-Assisted Power Calibration [4]
· Minimum HNB Tx power [4]
The following sections give the considerations and evaluations on the three possible solutions
2.1 Control of HNB power or macro UE based on network control
· To control HNB DL or macro UE adaptively through enhanced interference coordination is a possible interference mitigation solution:

· Potential methods for controlling HNB transmission power adaptively according to the macro UE behavior are to reduce/avoid the interference to macro UE from HNB, it is useful to reduce/halt the HNB CPICH power temporarily (this is only applicable when no HUEs exist on the HNB)
· A potential method for controlling macro UE adaptively according to the macro UE behavior is to avoid the interference to macro UE from HNB, the macro UE is driven out to another carrier by the network. (this is only applicable to the areas deploying overlay carriers)
These solutions may need trigger from macro UEs. AS and NAS procedures may be utilized for this purpose [3]:
1.In idle mode, utilizing the LAU/RAU procedure to HNB from unauthorized macro UEs may be useful for more accurate and dynamic interference mitigation. 

In current work assumption, the HNB’s LAC is different to its neighbour cells’ whatever is a HNB cell or a Marco cell. A non-authorized legacy UE should initiate the LAU procedure for access control. The LAU point is related to the interference point when MUE is close to the HNB. The UE may include the measurement of the HNB cell and the neighbour cell in SIB11 in RRC Connection Request [5] or the HNB can indicate the UE to measure neighbour cells in SIB11. But this is not suitable for CSG capable UE: CSG capable UE will not camp on the CSG cell which the HNB is not in UE’s allowed CSG list. If there is no other suitable cell to camp on, it may be possible to change Uu interface procedure for that CSG UE can initiate LAU to provide the measurement to help the HNB to relieve the interference.
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2.In connected mode, utilizing the CELL UPDATE procedure (cause: RL failure) to HNB from unauthorized macro UEs may be useful for more accurate and dynamic interference mitigation. Also in connected mode, utilizing the inbound handover procedure could be useful. 

This CELL UPDATE is also suitable for pre-R8 UE, but it is unclear for R8 and R9 UE. If the R8 UE has no authorization to access the CSG cell, the UE will originate Cell Update or not, which needs the evaluation and clarification in RAN2.
Regarding the inbound handover, RAN2 and RAN3 now only focuses on R9 UE first. Though all the UE including legacy UE support this feature, when a UE is close to an unauthorized CSG cell, the interference from the CSG cell isn’t disappeared due to the UE can’t be handover to an unauthorized CSG cell. If this interference can’t be resolved, changing this CSG cell to a hybrid cell maybe an alternative choice.
Though the two solutions are not suitable for all cases, these references from unauthorized legacy UE may be similar with the measurement report from the interfered MUE. This may help the HNB adjust its Tx power accurately to decrease the interference to the public space. This solution has no impact on current HNB architecture and is easy to implement.
2.2 UE-Assisted Power Calibration
To deal with scenarios where there is a significant mismatch between the RF conditions measured by the HNB and those experienced by the MUEs and HUEs, it is useful to use UE measurements (or measurement statistics) to optimize the calibrated HNB Tx power. This is particularly useful in co-channel deployments and can provide better protection for MUEs while maintaining good HNB coverage for the HUEs.
· Firstly, it is obvious that if both the measurements from MUEs and HUEs (e.g. path loss to HNB), are made available to the HNB, then HNB can fine-tune its HNB Tx power. But there are more problems in this solution. 
· There may be several MUEs detect the interference from the HNB, how the RNC select the reports to send to the HNB.
· If the HNB receives different instructions from two RNCs, how the HNB to tune its power?

· If there is a HUE is camping on the HNB and the HNB is interfering a MUE closing to the HNB, how the HNB to tune its power? 
· ……
It need more discussion and investigation on the feasibility and effect on this solution.

Secondly, when the UE is close to a CSG cell, the legacy UEs will not identify the interfering HNB due to PSC confusion problem, so this solution is only suitable for R9 UEs,. 
Finally, this solution requires the interaction between HNBs and Marco RNC. The Marco RNC should indicate the MUE’s measurement report to the HNB or the instruction on decreasing or increasing the Tx power. The efficient way to convey the information between the two nodes is introducing a direct interface (Iur) between HNB and Marco RNC or between HNB-GW and Marco RNC, which is a big impact on HNB architecture. 
From above analysis, it needs more investigations to elevate the effect and the complexity of the solution. 
2.3 Minimum HNB Tx power
The RRC signalling limits the lowest value for Primary CPICH Tx Power to -10 dBm. For CPICH Ec/Ior of -10 dB, this limits the lowest power transmit by a HNB to 0 dBm. However, in certain cases such as when the HNB is located at macro cell edge, the effectiveness of HNB power calibration algorithms is reduced because of 0 dBm limit imposed by the CPICH signalling. Since the HNB Tx power calibration algorithm may indicate a value less than 0 dBm as the desired value, it is useful to reduce the lower limit that can be signalled for CPICH Tx Power.  This should be done in a manner that ensures backward compatibility with legacy UEs.

This solution has no impact on RAN3 specification, but it needs more investigation on RAN2 to ensure backward compatibility.
3 Conculsion and Proposal
From the discussion in section 2, it is proposed to agree that the purpose of the enhanced HNB interference management:

Work assumption: the enhanced HNB interference management is to guarantee the HNB coverage in home area and minimize the HNB interference to the Marco UE in public space.
It is also proposed RAN3 to take the discussion into account, evaluate these solutions on the effect and minimize impact on current HNB architecture. 
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