
3GPP TSG-RAN WG3 Meeting #65
R3-091871
Shenzhen, China, 24th – 28h August 2009
Agenda item:
25
Source: 
Qualcomm Europe
Title: 
RANAP signaling to enable Enhanced Interference Management for HNBs
Document for:
Discussion

1
Introduction 
When the macro network is deployed on the same frequency as CSG Home Node Bs (HNBs), there is a tradeoff between providing good coverage to CSG UEs  served by HNBs (HUEs) and protecting non CSG UEs, and in particular UEs served by Macro network, (MUES) from interference.  Recently completed 3GPP RAN WG4 study item concluded that Enhanced Interference Management techniques could be used to improve further the performance of HNB deployment [1].  In 3GPP WG RAN3, a study item has been opened to study possible mechanisms and procedures that facilitate Enhanced Interference Management [2]. In this contribution, we discuss two such mechanisms and show by system level simulations that Enhanced Interference Management algorithms can provide significant benefits. 
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UE/Network assisted HNB power adjustment
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Figure 1 Candidate situations for Enhanced Interference Management
On the downlink, the principal objective of Enhanced Interference Management is to reduce interference caused by HNBs to UEs served by the Macro Network. Effective Enhanced Interference Management techniques can be devised that adjust the HNB DL transmit power based on assistance from UEs and the network, provided the requisite information is made available to HNBs.  In particular, one form of the useful information is the UE Measurement Reports (such as P-CPICH Ec/Io, P-CPICH RSCP, and Path Loss from a Node B) from active (CELL_DCH) UEs in the vicinity of HNBs. The HUE measurement reports are directly available at the HNB. On the other hand, measurements from MUEs are not available at the HNB and hence mechanism is needed to get the MRMs to HNBs.  These MUE MRMs are especially necessary and useful to counter interference situations similar to those depicted in Figure 1, where the measurements made at the HNB itself or at the HUE are not sufficient to identify the interference to Macro Network. 

 In this contribution, we identify potential mechanisms for sending MUE measurements to HNB-GW and HNB. We discuss a sample enhanced interference management technique at the HNB, and show by modeling its impact via system simulations that Enhanced Interference Management can reduce interference to MUEs, as well as reduce signaling load on the system. 
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RANAP mechanisms for conveying UE Measurement Report Messages to HNBs
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Figure 2 Schematic of path for UE MRMs

There are two principal methods based on RANAP that can be used to convey the MRMs from MUEs to the HNB.

 Method A:   Using RANAP Relocation
Method A is motivated by noticing the similarity of the requirement with the mechanisms for Active Handover  or inbound mobility for UEs in Cell_DCH, where the MRM is sent as part of SRNS relocation information.  The method is described as follows. 
· UE MRMs are sent as part of SRNS relocation info and the SRNC and CN are mandated to do RANAP relocation. When MUEs experience excessive interference from HNBs, the MRMs from the MUEs can be used by the HNB to adjust the transmit power. The trigger to indicate excessive interference can simply be the same as the trigger for Active Hand-in. 

· UE MRM is mandated to be included in the RRC Container of the Source RNC to Target RNC Transparent Container.

· HNB-GW is mandated to pass the non-allowed UEs MRMs down to HNB (RAN2 involvement)

The main advantage of this method is that limited Macro network changes are needed. No new message is defined and the changes required are procedural, i.e. require making the MRM inclusion mandatory. 

Additionally the need to identify target HNB coincides with that for Active inbound mobility. Therefore, for Rel 9 UEs, mechanism for disambiguation of HNBs can be same as that used for Active inbound mobility. 
Method B: New RANAP Message

Method B introduces a new RANAP message for Interference Management, which is designed to carry only the UE MRMs and HNB disambiguation information if any. 
a. A new RANAP procedure is defined between RNC, CN and HNB-GW for Enhanced Interference Management

b. UE MRM information is included in the new RANAP Message

c. HNB-GW is mandated to pass the non-allowed UEs MRMs down to HNB (RAN2 involvement)

As a new message is being defined, the changes in the specifications are procedural as well as in ASN.1.

The principal advantage of this method is considerable simplification to Method A as most of the IEs included in RANAP relocation are not useful for interference management. 

3
System Level Evaluation of MRM based Enhanced Interference Management 
To evaluate the impact of sample Enhanced Interference Management techniques based on MRMs, system level simulations were carried out as follows. A dense urban model of HNB deployment in a Macro Network, similar to [3] was used. The parameters used in the simulation are captured in Table 2 in the appendix.

The specific Enhanced Interference Management technique simulated is as follows.

Macro UEs in cell_DCH state, when in the vicinity of an HNB report Event 1A or Event 1 D measurements to the Macro Network if the HNB signal strength is in the reporting range.  The MRM is reported to the HNB potentially via one of the mechanisms described here. 

Presence of Events such as Event 1A or Event 1 D from a Non-CSG UE is taken as the indication of interference to the Macro network. On receiving the MRM information, the HNB decides to lower its maximum transmit power.  The end result of the lowering of the Transmit power is the reduction in the number of events reported to the HNB.  This indicates that the interference to the Macro Network is considerably reduced. 

An algorithm such as this, automatically addresses factors such as MUE density in the vicinity of HNBs, mismatch conditions for NLM such as a small apartment in a dense neighbourhood vs a large house in a suburban area, or when a HNB is placed close to a window causing interference outside.

This Enhanced Interference Management scheme therefore can effectively calibrate HNB Tx power based on specific deployment conditions for a given HNB. 

Additionally MRMs from HUEs – available directly over the air, are also used in the power calibration.

The static system simulations are designed to capture the end effect of dynamic Enhanced Interference Management algorithm discussed above, based on reducing frequency of Event 1D reports from Macro UEs. Figures 3 and 4 in the appendix show the pilot strengths distributions seen by Macro UEs and Home UEs respectively, in the presence and absence of HNBs.  The ‘NLM based’ results correspond to power calibration with default DL Receiver power calibration algorithm outlined in [4]. The ‘EIM based’ results correspond to the Enhanced Interference Management algorithm outline earlier.

Table 1 quantifies Figures 3. It shows the proportion of Macro UEs seeing given RF conditions in the presence and absence of HNBs. 

Table 1 MUE performance under EIM

	CPICH Ec/Io Threshold
	Fraction of MUEs with CPICH Ec/Io less than Threshold
	

	
	No HNB
	NLM Based
	EIM Based
	%Improvement over NLM

	-18 dB (MUEs moved to another carrier)
	2.7%
	6.5%
	3.5%
	46%

	-15 dB
	6.6%
	12%
	8.3%
	31%


It is seen that, the MUE CPICH Ec/Io performance after Enhanced Interference Management is brought considerably closer to the performance when no HNBs were present. The problem locations, i.e. the HNBs causing interference to MUEs are calibrated better. 

On the other hand, Figure 4 in the appendix shows that Home UEs continue to see good coverage from their HNBs. Using MRMs from HUEs, it is possible to improve HUE coverage as well where possible.

Additional benefit of Enhanced Interference Management comes in the form of long-term reduction in signalling of events such as Event 1A or Event 1D over the network because of reduced interference to Macro network. If the HNB is causing excessive interference to nearby MUEs, the HNB Tx power can be lowered over long term based on MRMs from the MUEs. The reduction in the HNB Tx power would then result in reduction in the number of events triggered at the nearby MUEs due to presence of HNB. Table 2 shows the fraction of MUEs in a position to report Event 1D. As a first order approximation, these are measured as MUEs who see a stronger CPICH from an HNB than from an MNB.  That fraction is reduced from 12% to 4% after Enhanced Interference Management is applied. This amounts to up to 66% reduction in signalling load for Event 1D.  

Table 2 Reduction in Signalling Load

	Event
	Fraction of MUEs reporting Event 1D

	
	NLM Based
	EIM Based
	Reduction

	Event 1D
	12%
	4%
	66%


4
Merits of HNB Tx Power calibration with RANAP based signaling

The RANAP based signaling approach has a few merits. 
· Objectives overlap with Active inbound mobility Solution: Techniques devised for Active inbound mobility in RAN2 WI [5] and RAN 3 WI [6] can be directly used toward Enhanced Interference Management. This includes HNB detection and disambiguation methods. 

· Extending to Pre –Rel 9 UE support: The technique can be extended to include MRMs from Pre-Rel 9 UEs whenever appropriate HNB disambiguation technique is available. That is, if Active inbound mobility is supported for Pre-Rel 9 UEs, then the corresponding mechanisms can be used to support Enhanced Interference Management.
   The Enhanced Interference Management technique where HNB power is adjusted on a longer time scale based on event reporting and MRMs from UEs has several advantages.
· Adjusting HNB Tx power based on events acts as a preventive measure to protect MUEs from interference at a later time, therefore the later MUEs do not need to trigger events like RLF before being protected.

· Adjusting HNB Tx power for a long term results in reduction of over-the-air signalling traffic as events causing the signalling are reduced.  

· Even in absence events like RLF, MRM based techniques can be used to protect MUEs.
· Overall CPICH Ec/Io distribution of Macro user improves, while the benefits of HNB deployment, such as capacity offload and improved coverage to home users are retained.

5
Conclusion 
In this contribution we have identified two mechanisms supporting Enhanced Interference Management via RAN3 signaling.  

· It is seen that there are scenarios where these mechanisms are necessary. This conclusion is present in the report for RAN4 SI on Enhanced Interference Management [1]

· Algorithms can be devised to use the MRMs to improve the MUE performance as illustrated in this contribution

· The mechanisms for signalling are simple and have significant overlap with support for Active Hand-in. 
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Appendix

Figures 3 and 4 respectively show the CPICH strength complementary CDF in presence and absence of HNBs, with NLM based as well as EIM based power calibration. 
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Figure 3 CPICH Ec/Io of Macro UEs with and without Enhanced Interference Management
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Figure 4 CPICH Ec/Io of Home UEs with and without Enhanced Interference Management
Table 2 provides an overview of simulations assumptions for Section 3.

Table 2: Overview of Simulation assumptions

	Parameter
	Values
	Description

	ISD
	500m
	

	Macro Layout
	57 cell wraparound
	

	Macro Tx Power
	43 dBm
	

	Macro loading
	50%
	

	HNB loaded
	3 central cells
	

	HNB density
	24 HNBs/cell
	4.8% HNB penetration in 500 apartments per cell

	Active HNBs
	12.5%
	

	HNB Min and Max Tx Power
	-30 dBm, 20 dBm resp.
	

	Macro UE density
	156 UEs/cell
	

	Fraction of indoor MUEs
	30%
	

	Fraction of indoor HUEs
	90%
	

	Propagation Loss model
	Similar to [3]
	



