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1.
Introduction

Work on Enhanced Interference Management was agreed [1] in the HNIM
 WID to “ensure that Enhanced Interference Management methods identified in Rel-9 for HNBs do not fail in deployments with a large penetration of CSG-aware UEs.” The scenarios leading to failure are detailed in [2].

In addition, the following WID conditions must be considered in achieving the HNIM objectives:

   (i) the solution shall be developed based on the existing UE measurements and procedures.

   (ii) the main aim should be to identify solutions not impacting macro network
In this contribution, we review the enhanced interference management (EIM) scenarios and methods agreed in Rel-9 and consider a way to extend the support of such scenarios and methods to Rel-10.

2.
Background

The RAN3 study on enhanced interference management ([3]) concluded to address the following interference scenarios arising from HNB vs UE RF and deployment mismatch [6]:

   (1) interference from “HNB UE(UL)” to “Macro NB”
   (2) interference from “HNB(DL)” to “Macro UE”
Scenario 1: The RAN3 SI concluded to address this scenario by adaptively limiting the HNB UEs’ UL Tx power, based on HNB UEs’ Measurement Reports
. This method is also applicable to CSG-aware HNB UEs, so it is not subject to the HNIM WID.
Scenario 2: For this scenario, also identified in the HNIM WID, the RAN3 SI concludes that:
  * adaptive HNB Tx power calibration would make use of Measurement Report messages of idle-mode  Macro UEs attempting to register at a non-allowed HNBs;

  * Macro UEs attempting such registration (in idle or CELL_FACH) can be moved to another carrier.

Since such registration attempts at CSG HNBs do not occur for CSG-aware UEs, the HNB Tx Power calibration method identified in Rel-9 to address the HNB-to-Macro DL interference scenario cannot be applied.

In the following section, we discuss a method to restore availability of Macro UE measurements for HNB power calibration purposes in deployments of CSG HNBs and CSG UEs.

3.
Discussion

The lack of a HNIM power calibration technique can be traced to the inability – prior to Rel-10 – of providing CSG Macro UE (MUE) measurement report messages (MRMs) to non-allowed CSG HNBs.

Keeping in mind the WID conditions (i –  “no UE changes”) and (ii – “no macro impact”), we propose to examine a method of providing such CSG MUE MRMs directly to the non-allowed CSG HNB.
3.1 HNIM via CSG HNB Training

In this method, we seek to allow a HNIM training period, during which Macro UEs may perform registration attempts to non-allowed HNBs.

The most advantageous way such a training period can be achieved is by having the HNB stop broadcast of the CSG Indicator in the MIB. Since CSG UEs interpret presence of the CSG Indicator as marking CSG HNBs, non-allowed Macro UEs would then be able to attempt registration during the HNIM training period. Note that, according to Rel-9 paradigms, UEs would interpret the HNB as a hybrid cell.

Use of the HNIM training period mitigates RF and deployment mismatch, via similar HNB power calibration techniques that Rel-9 HNBs can use w.r.t. non-CSG Macro UEs. In addition, configurability of the HNIM training period would permit tradeoff between CSG Macro UE battery savings and HNB Tx power adaptation. 
3.1.1 Access Control

The main advantage of such an approach is that, from a network perspective, Rel-9 access control procedures could continue to be used: 

  - for reselecting UEs, the CSG HNB in HNIM training could identify non-members by performing membership verification in the CN (HNB-GW is also possible);
  - inbound mobility access control can continue as before (i.e. non-member UEs are not handed in), since:

       * the E/UTRAN does not directly observe the CSG Indicator, but infers HNB access mode from configuration 

          (e.g. PSC splits)

       * Rel-9 UEs report membership indication regardless of whether a CSG Indicator is broadcast or not.

3.1.2 HNIM Training
Whether the HNB in HNIM training needs to change its PSC or not depends on particular network configuration. A criterion could be, for instance, that PSCs used during HNIM training should lie outside the broadcast CSG Split. This prevents CSG UEs with empty white lists from avoiding reselection to cells inside the broadcast CSG PSC Split. 

Figure 1 captures an example configuration, depending on which PSC change may be needed or not. If a PSC change is needed, the CSG HNB should ensure that ongoing calls are not dropped. 
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Figure 1: PSC Configuration for HNIM training

3.1.3 HNIM Configuration
For HNIM to work in a standard fashion under operator control, a few parameters need to be specified:

  - HNIM training period configuration (e.g. start, frequency, length, maximum usage). Such configuration provides flexibility to consider different network deployment or operation choices of which HNBs may not be aware.
  - whether a PSC change is needed (and what the training PSC might be).

Such parameters can be configured via the HMS ( HNB TR-069 interface.

3.2 Summary

For the method proposed in section 3.1, the following table summarizes various aspects of the method.
Table 1: Summary of proposed NHIM method
	Aspect (
	Comment (

	New interfaces
	None

	Macro UTRAN impact
	None

	Change of UE procedures or interfaces.
	None

	Access control for reselecting UEs (during training)
	In the CN (HNB-GW also possible), via Rel-9 procedures

	Access control for inbound mobility
	Same as Rel-9

	New procedures/functions
	Configuration of the HNIM training period (including PSC change, if any). 

-  to be applied to the TR-196 data model over the HMS ( HNB interface.

	MRMs from MUEs
	Collectable from any CSG UE during the configurable training period. 


4.
Conclusion
In section 3, we described a method called “HNIM training” of achieving the HNIM WID objective to ensure that Rel-9 EIM do not fail in deployments with a large penetration of CSG-aware UEs.  From that section and the summary table, we can also conclude that the proposed method also satisfies WID conditions (i –  “no UE changes”) and (ii – “no macro impact”).
We would like RAN3 to consider the following proposal: 
Proposal: “HNIM training” shall be  a method for achieving the HNIM WID objective of mitigating HNB-to-Macro DL interference.
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� HNIM (Home NodeB Interference Management) is the acronym of the Rel-10 WID � REF _Ref260071479 \r \h ��[1]� titled “Enhanced Interference Management for Home NodeBs”


� Note that other UL Interference Management methods are described in � REF _Ref260136096 \r \h ��[7]� (e.g. Adaptive UL Attenuation)
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