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1 Introduction
In RAN4 #52 meeting, a way forward on HeNB interference management has been approved [1]. 
· Review contributions on FDD/TDD HeNB interference management methods together and share the same contents of interference management in both FDD/TDD HeNB TRs except FDD/TDD specific interference issues.

· Classify the proposed interference management methods based on:
a) e.g. interference scenarios, such as Macro eNB -> Home eNB (DL), Macro UE -> Home eNB (UL), Home eNB-> Macro eNB (DL), Home UE -> Macro eNB (UL), Home eNB -> Home eNB (DL), Home UE -> Home eNB (UL), …
b) e.g. what is required in the specifications, such as RRC signalling, X2 signalling, RAN4 RF requirements, UE requirements …
· Identify the interference management methods of LTE Rel.9 WI scope and focus on them. 
· Agree a set of possible interference management methods for LTE Rel.9 that require additional standardization work, and send LS to RAN2 or RAN3 if necessary to start the corresponding standardization work as soon as possible. Note the other methods in the technical report for future reference.
As agreed in the way forward, this contribution classifies the proposed HeNB interference management methods based on different interference scenarios and discusses what is required in the specifications, e.g., RRC signalling, X2 signalling etc. Finally, the specification impact of the proposed methods for LTE Rel.9 is summarized and a further way forward is proposed. 
2 Discussion
The existing work on HeNB interference management in both RAN4 FDD and TDD home eNodeB RF requirements work items can be broadly classified into two categories. The first category focuses on the performance evaluation of baseline HNB interference management methods specified in TR. 25.967 when applied to HeNB. The second category investigates enhanced interference management methods specifically designed for HeNB. Both the performance evaluation results of baseline HNB interference management methods and the proposed enhanced interference management for HeNB shall be summarized below based on different interference scenarios as defined in [2][3]. Furthermore, the performance degradation of the victim caused by the interference from the aggressor without interference management is also investigated.
2.1 Scenario 1
	Scenario
	Aggressor
	Victim
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	1
	HeNB UE
	Macro eNB (UL)
	


	Solution
	Description
	Evaluation
	Specification Impact

	Baseline 1-1
	A variable power based on the desired HeNB coverage area (assuming no interference), up to the maximum UE power (e.g. based on fractional power control as defined for the macro uplink [7]
	
	No

	Baseline 1-2
	The pathloss from the vicinity of the HeNB to the neighbouring macro BSs is estimated from measurements, and based on this and other related parameters, the HeNB can then determine a maximum allowed UE transmit power, such that the noise rise experienced at the neighbour cells is constrained to be within an acceptable limit [7]
	When combined with an enhanced proprietary macro eNB uplink power control method, baseline 1-2 can provide significant performance improvement compared to baseline 1-1 [10].
	No

	Enhanced 1-1
	Overload indicator (OI)-based transmission power control (TPC): OI exchanged between Macro eNBs is also available to the HeNB, the same OI-based TPC algorithm is used in both Macro eNB and HeNB [24]
	- If OI receiving delay is not considered, MUE throughput is better compared to baseline 1-1 when the number of HeNB is small, and worse than baseline 1-1 otherwise [16,17];
- If OI receiving delay is considered, performance is worse than baseline 1-1 [24].
	Yes, the availability of OI to the HeNB has some impact to the specifications

	Enhanced 1-2
	Pathloss-difference-based TPC: HUE measures its pathloss to its worst victim MeNB and to its serving HeNB, and decides the TPC offset based on the above pathloss difference [25].
	Performance improvement over enhanced 1-1. However, MUE throughput significantly decreases as the number of HUE increases [25].
	Yes, the pathloss difference has to be reported the HeNB by the HUE. The TPC offset is sent to HUE as UE specific term of PO_PUSCH via RRC message, or TPC command.

	Enhanced 1-3
	Enhancement to baseline 1-2 method: power cap at the femto UE is adjusted via the adaptation of the target noise rise based on X2 signalling received from the macro eNB [26].
	Provide adequate performance at the macrocell for higher femto densities, and improved femtocell performance at lower femtocell densities compared to baseline 1-2 [26].
	Yes, X2 signalling is needed.


2.2 Scenario 2

	Scenario
	Aggressor
	Victim
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	HeNB
	Macro eNB (DL)
	


	Performance degradation compared to no interference without interference management methods

	
	Performance metric
	Transmit power
	Deployment scenario

	 [11] 
	Average macro cell throughput
	20dBm
	Dense urban, Dual strip, Macro UE dropped with uniform density, X block/sector

	
	
	
	X=1, R=0.2, P=50%
	X=1, R=0.5, P=50%
	X=1, R=1,   P=50%
	X=1, R=1, P=100%
	X=2, R=0.5, P=100%

	
	
	
	19.9361%
	30.1097%
	38.8026%
	45.938%
	53.4843%

	[37]
	Macro cell spectral efficiency
	20dBm
	Dense urban, Dual strip, 80% Macro UE dropped indoors, 1 block/sector, R=0.1, P=80%

	
	
	
	58.82%

	[20]

	Average macro cell throughput
	
	Suburban, UEs are dropped with uniform density, all UEs are outdoors, X HeNBs per macro cell

	
	
	
	X=10
	X=20
	X=30
	X=40
	X=50

	
	
	20dBm
	20%
	24%
	31%
	39%
	40%

	
	
	10dBm
	3%
	5%
	8%
	30%
	34%

	
	
	0dBm
	0%
	0%
	2%
	14%
	16%


	Solution
	Description
	Evaluation
	Specification Impact

	Baseline 2-1
	a variable power based on the coverage requirements of the UEs within the femtocell (assuming no interference), up to a maximum power (e.g. 20dBm) [7]
	
	No

	Baseline 2-2
	Max power based on limiting interference to macro UEs (a similar approach to that described in [3GPP 25.967])
	· Achieve better C/I and higher UE throughput, leave fewer UEs in outage compared to the case with no HeNB is deployed [22].
· 10%-40% average macro cell throughput degradation compared to no femto scenario, an approximate 40%-50% reduction to the average  macro cell throughput degradation compared to the fixed power method [11];
	No

	Enhanced 2-1
	Enhancement to baseline 2-2, the HeNB detects if macro UEs are in its vicinity by detecting their uplink transmission and use baseline 2-2 only when they are detected [27].
	Improve the throughput of the HeNBs without sacrificing protection of the macrocell downlink.
	No, the Zadoff-Chu reference signals in the noise+interference signal received at the femto can be used.

	Enhanced 2-2
	Distance based power control: the macro cell is divided into three strips such that all HeNBs located in a strip will use the same power level [20].
	Provide close to benchmark results when the number of HeNBs is relatively small. With larger number of HeNBs, consistently leads to larger throughput compared to the throughput when constant HeNB power 10dBm/20dBm is applied.
	No

	Enhanced 2-3
	Adaptive resource partitioning [3][32][35][36]: the macro cell and HeNB avoid interference with each other by using orthogonal PRB sets PMacro and Pfemto within a carrier. Different options exist:
· macro cell only use PMacro
· macro cell can use all the PRBs, but schedule UEs at the cell edge or close to HeNBs only on PMacro
· HeNB only use Pfemto
· HeNB can use all the PRBs if no Macro UE is nearby, and only use Pfemto if otherwise.
	The performance of the macro UEs close to femto cells can be improved, at the cost of certain femto cell performance degradation [35][36].
	Yes, HeNBs need to know PMacro and maybe whether a macro UE is nearby, either through X2, S1 or channel measurement. 

	Enhanced 2-4
	Interference management for PBCH/SCH:

· HeNB adjusts its frame timing so that its PBCH/SCH does not overlap with MeNB’s. HeNB does not schedule any transmission using the radio resource elements that are used by MeNB’s PBCH/SCH.
	possible downlink/uplink interference for TDD
	Yes, 
· synchronization between macro and femto is required for FDD


2.3 Scenario 3

	Scenario
	Aggressor
	Victim
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	Macro eNB UE
	HeNB (UL)
	


	Solution
	Description
	Evaluation
	Specification Impact

	Baseline 3-1
	Uplink attenuation (a similar approach to that described in [3GPP 25.967])
	
	No

	Enhanced 3-1
	HeNB UL bandwidth partial overlap with the macro-cell UL bandwidth, macro eNB perform PUSCH scheduling that does not interfere with HeNB data and control on the uplink [19]
	
	Yes, Macro UE need to read MIB and SIB-2 transmission from HeNB


2.4 Scenario 4

	Scenario
	Aggressor
	Victim
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	Macro eNB
	HeNB (DL)
	


	Solution
	Description
	Evaluation
	Specification Impact

	Enhanced 4-1
	Interference management for PDCCH: 

· resource assignment signalling of up to 20MHz on a PDCCH that spans a smaller bandwidth [34].

· shift HeNB downlink subframe by k symbols relative to macro cell downlink subframe so no overlap in their control regions. Macro cell attenuates or mutes symbols in its PDSCH region that overlap HeNB control region [34].

Interference management for PBCH/SCH:

· 1 subframe shift so PBCH and SCH of HeNB do not overlap with MNB’s.
	
	Yes, 
· higher layer signalling is used to configure Rel.9 UEs for the difference in PDCCH and PDSCH bandwidth.
· Synchronization requirement between HeNB and macro eNB.

· Macro eNB needs to be aware of HeNB’s symbols for control region.


2.5 Scenario 5

	Scenario
	Aggressor
	Victim
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	HeNB UE
	HeNB (UL)
	


	Solution
	Description
	Evaluation
	Specification Impact

	Baseline 5-1
	fractional power control
	- Under small deployment ratio (R=0.2), full power achieves better performance [38].

- Under large deployment ratio (R=1), achieve better cell edge throughput compared to full power, at the cost of lower average cell throughput [38].
	No

	Baseline 5-2
	Max power based on limiting IoT to adjacent HeNBs (a similar approach to that described in [3GPP 25.967])
	- Improve the average cell throughput slightly compared to full power when the noise rise threshold is large (18dB) under large deployment ratio (R=1), at the cost of lower cell edge throughput [38]. 

- Worse performance than full power in the rest of the cases [38].
	No


2.6 Scenario 6
	Scenario
	Aggressor
	Victim
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	HeNB
	HeNB (DL)                                                                                                                          
	


	Performance degradation compared to no interference without interference management methods

	
	Performance metric
	Transmit power
	Deployment scenario

	[18]
	Average femto cell throughput
	0-20dBm
	Dense urban, Dual strip

	
	
	
	R=0.2, P=50%
	R=1, P=50%

	
	
	
	≈18％
	≈50％


	Solution
	Description
	Evaluation
	Specification Impact

	Baseline 6-1
	Max power based on limiting interference to adjacent HUEs (a similar approach to that described in [3GPP 25.967])
	Little/no performance improvement compared to fixed power [18].
	No

	Enhanced 6-1
	 Adaptive resource partitioning [12][13][29]: interfering HeNBs use orthogonal frequency resources.
	Performance improvement to both cell-edge and average femto cell throughput, especially the former.
	Yes, information needs to be exchanged between HeNBs.


3  Summary and Proposal
The proposed interference management methods mainly impact the Rel.8 specification in the following ways:

1. Information exchange may be required between macro and femto cells, or between femto cells.

2. New channel measurement and measurement report types may be added.
3. Higher layer signalling may be added.
3. Others
The following way forward is proposed:
Proposal 1:

To focus on studying and specifying the solution for HeNB-to-macro interference scenarios and HeNB-to-HeNB interference scenarios, i.e., scenario 1, 2, 5, and 6, and ensure the finalisation of the specification work in Rel.9 time frame, while not to exclude studying and specifying the solution for other scenarios in Rel.9 or later release.
Proposal 2:

Information exchange between macro and femto cells, or between femto cells for HeNB interference management may be necessary. Rel.9 may either need to add new information elements in addition to OI, HII and RNTP or reuse current information elements. If needed, information exchange may be realized via S1, X2 or OTA. OTA should be subject to the discussion of Rel.10, while the necessity to support S1 and X2 information exchange in Rel-9 still needs further discussion. A liaison should be sent to RAN3 if some signalling specifying issues are determined in RAN4.
Proposal 3:

If needed, the frequency of information exchange should be semi-static, similar to those for LTE Rel.8 macro. More dynamic information exchange and ICIC methods are subject to Rel.10 study (like Coordinated Beamforming in CoMP).
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