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1 Introduction
Baseb on approved way forward for HeNB interference management [1], this document intends to specify the topics to focus on to complete HeNB WI as planned. 
2 Discussion
· Interference scenarios that affect the macro-cell throughput (DL and UL) are considered as high priority.
· HeNB -> Macro eNB DL

· HUE -> Macro eNB UL

Interference scenarios that affect the quality of service to home users are also considered as high priority.

· HeNB -> HeNB DL

· HeNB -> HeNB UL

· MeNB -> HeNB DL.

Based on the contributions so far, the following categories could be formulated for further investigation on the solutions to be included in Release 9:

1. Control Channel Protection

	Solution
	Comments and Potential Impact

	MeNB control channel (PBCH, SCH, PCFICH, PDCCH, PHICH) protection by frequency partitioning  ‎[1]
	HeNB occupies only a fraction of the BW as the macro eNB. Low interference to macro UEs on the remaining portion of the bandwidth.No impact on RAN1/2/3 specifications. UE implementation may need RAN4 tests.

	MeNB control channel (PBCH, SCH, PCFICH, PDCCH, PHICH) protection by timing offset between HeNB-MeNB ‎[2], ‎[3]
	New signalling is not needed if additional receiver is available on HeNB and over the air measurement is available


	
	

	
	


Table 1: Control Channel Protection Schemes
2. Soft Frequency Reuse / frequency partitioning/ Adaptive frequency selection/ Adaptive radio resource selection
	Solution
	Comments and Potential Impact

	Scheduler coordination between HeNB-MeNB‎[4],‎[5] 
	Reasonable gain could be achieved. More investigation is needed to see how could achieve this by over the air measurements or introducing minimal signalling change.

	HeNB could select the carrier frequency based on the measurement result on signal strength and the information on HCS to avoid interference ‎[7].

	No standard change needed. however, delay in hand over between HeNB and Macro eNB need to be investigated

	channel measurement based interference mitigation schemes‎[13]
	Standard impact: HeNB should be able to measure the quantity Received Interference Power in DL within one PRB’s bandwidth of 
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 resource elements.

	Hybrid access mode HeNB reserves some PRBs with higher priority to non-CSG UEs. The percentage of priorized PRBs is determined by Priority Region Threshold (PRT) statically or dynamically ‎[14]
	Static PRT: S1 signal for inbound mobility optimization

Semi-static or Dynamic PRT: piggyback on S1 or X2 signal.

	Network assisted ICIC for HeNB downlink ‎[20]
	X2 is required for ICIC (RNTP message). It was shown to be robust to signalling delay.

	Mapping between PCIs and resource allocation patterns ‎[24]
	Reasonable gain could be achieved. X2 interface is not needed. Mapping table or function between PCIs and resource allocation patterns should be included in Spec.

	Adaptive frequency partitioning [6]

 REF _Ref243412685 \r \h 
[25]-[27]  
	Messages used to negotiate resources, providing throughput maximization with inter-cell fairness. Messages can be implementation-specific.  

	
	


Table 2: SFR Schemes
3. Smart Power Control
	Solution
	Comments and Potential Impact

	HeNB power control based on path loss / pathloss difference between HeNB-MeNB‎[9], ‎[19], ‎[21],‎[22]
	No standard impact

	HeNB makes HUE TPC dependent on OI /path loss ‎[10]

 REF _Ref243397436 \r \h 
‎[11]

 REF _Ref243397438 \r \h 
‎[12]
	X2 is required for OI. The effect of OI receiving delay is evaluated in ‎[11] .

	HeNB power control based on HeNB-MUE path loss ‎[15]
	Standard impact: HeNB should be able to measure the RSRP and UL received interference power.  

	HeNB victim aware downlink power control based on uplink measurements ‎[9],‎[16]
	None

	Network assisted TPC for HeNB downlink ‎[17]
	Information exchange between eNB and HeNB required (S1 or X2 based)

	Power optimisation for hybrid/open cells based on UE measurements ‎[18]
	UE stores conditions (RPRP & RSRQ) of source and target prior to hand-in or reselection (potential 36.304 and 36.331 impacts) and reports to HeNB target cell.

	Network assisted TPC for HeNB uplink ‎[23]
	X2 is required for power control signal.

	Hybrid Cell Service-level Adaptation [28]

 REF _Ref243412812 \r \h 
[29]
	Provides better interference conditions than CSG cells. No impact on specifications (hybrid cells already specified in other working groups)

	Adaptive Power Control [8]
	Reduce power based on observations of the neighboring cells. Algorithm is implementation-specific.


Table 3: Smart Power Control Schemes
4. Way forward for Interference mitigation schemes for this meeting 
Based on the tables above, the following recommendations and way forward can be made:
· For control channel protection schemes shown in Table 1, the analysis shows that the schemes can be accepted for Release 9 HeNB interference mitigation schemes and detailed description/text proposals to be included in the HeNB TR. 
· For SFR schemes shown in Table 2, the analysis shows that not all the schemes can be accepted for Release 9 HeNB interference mitigation schemes. The acceptance of these schemes in the HeNB TR should be based on the following criteria:

i. Impact on RAN2/RAN3 
ii. Performance gain that can be obtained based on realistic simulation scenarios/assumption agreed in RAN4. 

iii. Complexity of the scheme on HeNB. 
· For smart power control schemes shown in Table 3, the analysis shows that not all the schemes can be accepted for Release 9 HeNB interference mitigation schemes. The acceptance of these schemes in the HeNB TR should be based on the following criteria:

i. Impact on RAN2/RAN3

ii. Performance gain that can be obtained based on realistic simulation scenarios/assumption agreed in RAN4. 

iii. Complexity of the scheme on HeNB. 

iv. Interference impact on MeNB layer. 
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