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1
Introduction

Shared-channel deployment of CSG cells poses interference-related challenges due to unplanned deployment, restricted association and low isolation. Studies in RAN4 have identified the interference scenarios and methods to mitigate them [1]. In terms of HNB-to-Macro DL interference, the baseline approach identified by RAN4 is for the HNB to carry out measurements of the RF environment via the HNB DL receiver, also referred to as Network Listen module (NLM), and set the transmit power of the HNB accordingly [1] .
This baseline interference management method (via NLM) - while helpful - were found to be insufficient in certain interference scenarios [1], still resulting in outage, call drops, capacity loss and load imbalance due to RF mismatch and deployment variations. Section 2 provides examples of such scenarios. RAN4 has additionally recommended that measurements from affected macro UEs be made available for Enhanced Interference Management (EIM), to allow HNB power adaptation (see [1]

 Section 7.2.1.5). 

RAN3 was tasked [3] to study potential mechanisms for enabling EIM, and listed available methods via TEI-9 [2] for deployments with a large penetration of non-CSG UEs.

As penetration of CSG-aware UEs increases, Rel-9 Enhanced Interference Management (EIM) techniques recommended by RAN3 will nevertheless break. We recommend that RAN3 in Rel-10 ensure that EIM remains possible in deployments with large penetration of CSG-aware UEs.

2
Discussion
In this section, we identify some of the shortcomings of the baseline interference management (via NLM), and review benefits of long-term power adaptation via Enhanced Interference Management methods. We also discuss the limitations of the RAN3 Rel-9 EIM recommendations.
Figure 2-1 shows a sample set of scenarios where NLM-based power calibration fails to provide the desirable trade-off between HNB coverage and interference to nearby macro UEs. 
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Figure 2-1: Candidate scenarios for Enhanced Interference Management 
due to RF and deployment mismatch
2.1
Limitations of Network Listen Module based Power Setting
When the macro network is deployed on the same frequency as CSG Home NodeBs (HNBs), there is a tradeoff between providing good coverage to member UEs  served by HNBs (HUEs) and protecting non-member UEs, and in particular UEs served by Macro network, (MUES) from interference. This tradeoff is addressed by NLM based power setting – where Tx Power is typically reduced when surrounding Macro signal is weak and is higher when surrounding macro signal strength is strong. 
NLM-based setting of HNB Transmit power has two significant limitations. First, it must rely on RF measurements made at the NLM. The nearby UEs (HUEs or MUEs), due to their location and separation from HNB, may see different RF conditions than those measured by the NLM. This RF mismatch can be significant. Field measurements have indicated that this RF mismatch can be as large as 20 dB and can be positive as well as negative (i.e. NLM may under or overestimate the macro signal strength) RF mismatch distribution from field measurements in Figure 2.1-1. Examples of RF mismatch scenarios are illustrated in Appendix B.
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Figure 2.1-1: RF mismatch distribution from field measurements
The second limitation for NLM based power setting is the deployment mismatch due to the unplanned nature of HNB deployment.Deployment mismatch results from lack of knowledge in the HNB of the specific area that needs to be serviced (e.g. large house vs small apartment), and of the surrounding UE traffic conditions (e.g. quiet neighborhood vs busy street). Figure 2.1-2 shows the distribution of affected Macro UEs in a day by an HNB under NLM based power calibration. The figure clearly shows the wide variation in affected UEs depending on the location of the deployed HNB and surrounding MUE traffic conditions. The distribution was obtained from a detailed dynamic simulation environment, illustrated in Figure 2.1-3, with accurate RF modeling. Such excessive interference can result in (depending on specific deployment):
· Large coverage holes for Macro UEs
· Degradation in carrier utilization, due to load imbalance as Macro UEs are moved to another carrier
· Increase in CN signaling load due to excessive inter-frequency handover in the vicinity of the aggressor HNB
· Impact on user experience 
· Loss in Macro network capacity due to compressed mode 
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Figure 2.1-2: Distribution of HNBs, according to number of UEs affected
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Figure 2.1-3: Illustration of dynamic, detailed simulation environment
2.2
 Long-Term Network-Assisted Power Calibration 
EIM techniques can address the issues identified in Section 2.1 by adapting the HNB Tx power over long tem (e.g., days) based on feedback from the network in the form of UE measurements or event statistics. The EIM power calibration algorithms can adapt the HNB power to match to specific RF conditions and HNB deployment scenario. This is illustrated in Figure 2.2-1 based on detailed simulation.
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Figure 2.2-1: Sample EIM vs NLM-based power calibration
2.3
 Limitations of  Rel 9 RAN3 EIM Recommendations 
The RAN3 EIM work in Rel. 9 recommended that HNB adjust its CPICH Tx Power temporarily or over long term using AS message from Macro UEs.
Such AS messages are available for non-CSG UEs in idle and active modes, e.g.:
· Registration (LAU) attempt from MUE to HNB
· CELL UPDATE from MUE to HNB after RLF
However, Rel. 9 recommended mechanisms cannot make use of CSG-aware UEs since CSG-aware UEs would not initiate LAU and CELL UPDATE requests to non-allowed CSG cells.
In deployments where more and more CSG UEs will be deployed, the RAN3-recommended methods from Rel-9 will break and the problems identified in Section 2.1 will re-occur.
3
Mechanism for Long term Power Calibration in CSG Deployments
To enable EIM as identified in Section 2.3 for CSG-aware Macro UEs, the Macro UE measurements (e.g. P-CPICH Ec/No, P-CPICH RSCP, from Macro and from aggressor HNB) reported via existing reporting events must be made available to aggressor HNB for long-term power calibration. The UE measurements that need to be collected from active mode Rel-9 UEs for inbound mobility purposes are also sufficient for EIM purposes.
To enable EIM, the measurements from victim Macro UEs in active call can be collected at the RNC and their aggregate can be sent via an EIM transport message from Macro RNC to aggressor HNB at a time convenient to the Macro RNC (e.g. at night). We illustrate this method in Figure 3-1.
While the EIM transport message can take multiple forms, the RIM (RAN Information Management) method of transferring a transparent container between RAN nodes stands out as a possible example.
RANAP signaling for transfer of Macro UE measurement aggregates to the aggressor HNB can and should be infrequent. (e.g. once a day). We expect introduction of such signaling to require RNC HNB-GW and HNB changes, but no impact on UE.
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Figure 3-1: Re-enabling EIM for networks with large CSG UE penetration
4
Discussion and Way Forward
In this contribution, we reviewed the problems resolved by Enhanced Interference Management (EIM), and observed that EIM, while possible for deployments with large non-CSG UE penetration, will break as penetration of CSG UEs increases. We also identified how RAN3 can prevent degradation in effectiveness of EIM with increased CSG UE penetration.
In Appendix A, we add possible WID text for addressing this problem via the method identified in Section 3. It is possible for the text to be presented in a stand-alone WID, or part of a shared WID.
5
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Appendix A – WID Text for Interference Management in CSG deployments

4 Objective *
A UTRA Work Item is proposed to ensure that Enhanced Interference Management methods identified in Rel-9 for HNBs do not break in deployments with increasing penetration of CSG UEs. 
The Work Item is expected to entail the definition of RANAP messaging to allow macro RNCs to make available to interfering HNBs the macro UE measurements necessary for enhanced interference management.
…      [sections skipped]     …
9
Impacts *
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Expected Output and Time scale *
	New specifications *
[If Study Item, one TR is anticipated]

	Spec No.
	Title
	Prime rsp. WG
	2ndary rsp. WG(s)
	Presented for information at plenary#
	Approved at plenary#
	Comments

	
	
	
	
	
	
	

	Affected existing specifications *
[None in the case of Study Items]

	Spec No.
	CR
	Subject
	Approved at plenary#
	Comments

	25.413
	
	UTRAN Iu interface Radio Access Network Application Part (RANAP) signalling
	
	

	25.467
	
	UTRAN architecture for 3G Home Node B (HNB); Stage 2
	
	


Appendix B – RF mismatch example and EIM power adaptation
Figure B.1 and Table B.2 show how NLM-based HNB Tx power calibration can result in incorrect power settings. Mismatch results if the NLM based power is too small or too large compared to that for desired coverage
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Figure B-1: Limitations of NLM-based Power Calibration: RF Mismatch Example
Table B-2: Limitations of NLM-based Power Calibration: RF Mismatch Example
	
	HNB Near Window
	HNB in Bedroom

	Self-calibrated HNB Power
	-2.1 dBm
	-16.0 dBm

	Home UE (HUE) CPICH Ec/Io
	-10.1 dB
(good HUE coverage)
	-22.4 dB 
(insufficient to sustain connection to HNB)

	Macro Coverage Hole Radius
	28 m
(spills outside the apartment)
	1.75  m
(little leakage to outside)



Figure B.1 and Table B.2 show how EIM-based HNB Tx power adaptation protects Macro UEs while providing good coverage for Home NodeB UEs.
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Figure B-3: EIM-based HNB Tx Power Calibration example
Table B-4: EIM-based HNB Tx Power Calibration example: 
	
	HNB Near Window
	HNB in Bedroom

	Self-calibrated HNB Power

	-14.0 dBm
	-4.0 dBm

	Home UE (HUE) CPICH Ec/Io
	-11.5 dB
(Remains very good)
	-13.1 dB
(Remains good) 

	Macro Coverage Hole Radius
	7 m 
(Contained)
	7 m
(Contained)


3/8

_1327510511.vsd
�

Window


Small Apt.


Heavy MUE     
  traffic


victim MUEs


victim MUE


HNB


Bedroom


HUE


victim HUE


HUE



