
3GPP TSG-RAN WG4 Meeting #50-BIS
R4-091227
Seoul, South Korea, 23th – 27th March 2009
Agenda item:
8.4
Source: 
Qualcomm Europe
Title: 
Overview of Interference Scenarios for the Home NodeB Enhanced Interference Management Study Item
Document for:
Discussion

1
Introduction

It is desirable to maintain quality of service for macrocell UEs (MUEs) when the macro network is deployed on the same frequency as CSG Home NodeBs (HNBs). It is also desirable to provide service to UEs at home by their own HNB both to provide good coverage at home and to offload capacity from the macro network to HNBs.  3GPP RAN WG4 studied interference management issues for HNBs as part of Release 8 work item [1] which resulted in Technical Report TR 25.967 [2]. While the techniques in [2] address the interference scenarios, further work may be required to further improve the performance, efficiency and capacity offload to HNBs especially when the HNB deployment density is very high. In 3GPP RAN #43, a study item was approved for Release 9 to investigate enhanced interference management for HNBs [3] under dense deployments via coordination among HNBs and/or coordination between HNB and macro network.
Interference coordination techniques can help (a) to minimize the interference caused to the macro network service from nearby HNBs, (b) to alleviate inter-HNB interference so that UEs are able to get service from their own HNB while at home, and (c) to minimize the interference caused to HNB service from nearby macro network. 
In this contribution, we identify the main interference scenarios from [2] for which interference coordination techniques can provide additional benefits.   
2
Interference Scenarios

Table 1 provides an overview of the main interference scenarios from [2] which can benefit from enhanced interference management techniques.   

Table 1: Overview of the interference scenarios for enhanced interference management

	Aggre-ssor
	Victim
	Interference Scenario based on TR25.967
	Description
	Examples of Existing Solutions
	Justification for Further Work
	Examples of Possible Enhancements

	HNB DL
	MNB DL
	2
	Coverage holes in macro network due to interference from nearby HNB
	Self calibration of HNB DL Tx power, Interfrequency handover of MUE
	Maintain MUE QoS in dense HNB deployment without significant impact on HNB performance
	More accurate HNB power calibration and efficient interfrequency handover for MUEs via coordination between macro networks and HNBs

	HNB Alien
	HNB DL
	6
	HNB coverage hole caused by neighbour HNB
	Self calibration of HNB DL Tx power, HNB carrier selection
	High density HNB deployments
	Coordination of DL Tx power of HNBs by upper layer messaging, beamforming/interference nulling.


	HUE Alien
	HNB UL
	5
	Alien HUE transmissions can cause strong interference to nearby HNB UL due to proximity
	Adaptive UL Attenuation at HNB
	High density HNB deployments
	Inter-cell interference cancellation

	MUE Alien
	HNB UL
	3
	Alien MUE transmissions can cause strong interference to nearby HNB UL due to proximity
	Adaptive UL Attenuation at HNB
	High density HNB deployments
	Inter-cell interference cancellation
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Figure 1: Home NodeB to Macro interference scenarios
The first HNB-Macro interference scenario (Interference Scenario 2) is shown in Figure 1 where the HNB is located at the macro cell edge. Presence of a CSG HNB creates a coverage hole for macro UEs in the vicinity of the HNB.  Existing solutions for this interference scenario include (1) self calibration of DL Tx power by HNBs to limit the size of the coverage hole (2) interfrequency handover of MUE to a carrier different from that used by the HNB.  Self calibration tries to limit the impact on macro coverage while providing good HNB coverage. If the HNB happens to be placed near a window, the interference leakage to outside can cause outage for nearby MUEs. The self-calibration and inter-frequency handover can further be assisted by coordination between macro network, MUE and HNB to help reduce the impact on MUEs. 
The second interference scenario related to Figure 1 is the interference caused by an alien MUE close to a HNB to the UL of HNB (Interference Scenario 3). If the MUE is at the edge of the macro cell, it can cause significant UL interference to the HNB. An existing solution for this interference scenario is adaptive UL attenuation at the HNB. Coordination schemes such as inter-cell interference cancellation can further improve the performance on the uplink. 

Example values for the path loss values in Figure 1 are: PLMUE_MNB=125dB, PLHUE_MNB=130dB, PLMUE_HNB=80dB, and PLHUE_HNB=75dB.

Figure 2: Inter-HNB interference scenarios
The two apartment model in Figure 2 illustrates the inter-HNB interference scenarios. These scenarios become more likely as the penetration of HNBs increases. Also these scenarios are benefitted the most by interference coordination among HNBs. Example values for the path loss values in this model are: PL11=60dB, PL12=87dB, PL21=60dB and PL22=75dB.
The first inter-HNB scenario is concerned with DL impact of alien HNBs (Interference Scenario 6). From Figure 2, the DL interference from HNB1 can cause service outage for HUE2 because of its proximity to HNB1. This situation can create coverage hole for the HUE in the neighbouring apartment Coordination between the two HNBs via signalling can help in interference mitigation and reducing outage.  

The second inter-HNB interference scenario results from presence of an alien HUE close to a HNB (Interference Scenario 5). For example, in Figure 2, HUE2 from adjacent apartment, associated with HNB2 is close to HNB1. Given that HUE2 is at the edge of coverage of HNB2, it can cause significant UL interference to HNB1. An existing solution for this interference scenario is adaptive UL attenuation at the HNB. Coordination schemes such as inter-cell interference cancellation and time sharing of uplink transmissions can further improve the performance on the uplink. 

3
Discussion
In this contribution, we have identified the main interference scenarios that can benefit from MNB-HNB, or inter-HNB coordination. This coordination is envisioned to be achieved by signaling/messaging via upper layers. 
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