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1 Introduction
In the last RAN4 #52bis meeting, way forward for interference mitigation schemes is agreed in [1]. The following categories were listed: control channel protection, frequency selection, and smart power control. We have proposed HeNB adaptive frequency selection scheme in the category of frequency selection [2].

Table 1 summarizes the comparison between the conventional scheme and the proposed scheme. When the HeNB is located in the coverage area of both MeNB and micro eNB , the HeNB reuses the frequency which has the least interference among the MeNBs’ frequency and avoids using the same frequency as the micro eNB.
Table 1: Comparison between the conventional scheme and the proposed scheme

	Case
	Conventional Scheme
	Proposed Scheme

	HeNB is located in the coverage area of both MeNB and micro eNB.
	HeNB selects the frequency which has the least interference and does not distinguish MeNB and micro eNB.
	HeNB reuses the frequency which has the least interference among MeNBs’ frequency and avoids using the same frequency as micro eNB.

	HeNB is located in the coverage area of MeNB only.
	The same as above
	HeNB reuses the frequency which has the least interference among MeNBs’ frequency.


In this contribution, we further analyse our HeNB adaptive frequency selection scheme based on the criteria which were categorized in the last RAN4#52bis meeting.
2 Analysis based on way forward for previous meeting
2.1 Impact on RAN2/RAN3
In the proposed HeNB adaptive frequency selection scheme [2], the HeNB is required to measure RSRP and SIB from surrounding MeNB, micro eNB, and other HeNBs in order to obtain the information of interference and cell structure. To do these, the HeNB is to use the same DL Receiver function which is called Network Listen Mode (NLM) in HNB [3] at initial setting or periodically. The DL Receiver function is already assumed to be supported by Release 9 HeNBs because it is already the function of Release 8 HNBs.

The HeNB has to be capable of obtaining the information of hierarchical cell structures (HCS) by measuring the SIB. The HCS may be utilised in E-UTRAN as in UTRAN to cover for example, indoors and hot spots efficiently [4]. Prioritization among macro cell, micro cell, and HeNB cell may be defined with some HCS infromation elemets.
As the result of above consideration, the proposed HeNB adaptive frequency selection scheme in [2] requires only measurement functions at the HeNBs and therefore has little impact on RAN2/RAN3 standardization work.

2.2 Performance gain
We have evaluated the performance of the MeNB, the micro eNB, and the HeNB in co-channel deployment condition. Simulation assumption and parameters are summarized in Annex. Maximum transmit power of the HeNB is fixed regardless of its location in macro or micro cell. Three types of inter site distance (ISD) are evaluated. One is ISD=500m. In this case the HeNB can assume to be located in the micro cell. The others are ISD=1732, 3464 m. In these cases the HeNB can assume to be located in the macro cell. If there is any performance degradation, it may be possible to be concluded that the co-channel deployment should be avoided and different channel deployment may be beneficial.

Fig.1 shows cumulative distribution function (CDF) of user throughput of the HeNB. According to Fig1, HeNB user throughput of ISD=500m is significantly worse than that of the other cases of ISD. This may be because the interference from the micro eNB to the HeNB is comparatively strong due to small distance between aggressive micro eNB and victimized HeNB. This will happen in the conventional scheme because it will select the same frequency as the micro cell where both the MeNB and the micro eNB cover the same area. On the other hand, the proposed scheme can avoid that performance degradation and the CDF will become the same as that of the larger ISD cases because it will select the different frequency as the micro cell where both the MeNB and the micro eNB cover the same area. Therefore it will be beneficial for the HeNB to select a different frequency from the micro eNB which has a small coverage area. 
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Fig.1 HeNB user throughput distribution in co-channel deployment
Our HeNB adaptive frequency scheme can avoid above degradation of the HeNB performance. The HeNB will select the frequency which is different from the surrounding micro cell for interference mitigation. Other possible performance impact such as delay in handover between the MeNB and the HeNB is expected to be the same as the analysis in [4]
As the result of above study, our HeNB adaptive frequency selection scheme has good performance gain.
2.3 Complexity of the scheme on HeNB
The proposed HeNB adaptive frequency selection scheme does not need to exchange any interference information among HeNBs via X2 interface or between MeNB and HeNB via S1 interface. And our scheme will also work in hybrid cell configuration because it is independent of CSG information. Additional complexity that might be associated with the scheme is to have the HCS information decoding function at the HeNB.
As the result of above consideration, the HeNB adaptive frequency selection scheme will add little complexity to the current specifications.

3 Conclusion
Table 2 summarizes the evaluation of our HeNB adaptive frequency selection scheme for each criterion. Our HeNB adaptive frequency selection scheme has the ability of being accepted for Release 9 HeNB interference mitigation schemes.

Table2. Summary of evaluation for each criterion
	Criterion
	Evaluation
	Comments

	Impact on RAN2/RAN3
	Little
	HeNB should have Network Listen Mode.

	Performance gain
	Large
	Our HeNB adaptive frequency selection scheme can avoid HeNB and MeNB performance degradation.

	Complexity of the scheme on HeNB
	Little
	Our HeNB adaptive frequency selection scheme requires to have the HCS information decoding function at the HeNB.

Our HeNB adaptive frequency selection scheme does not need to exchange any interference information via X2 and S1 interface or to have Hybrid cells.


Currently there is no specific description of HeNB interference management regarding frequency (or PCI) selection scheme in overall stage 2 description for Release 9 in [4]. We think HeNB adaptive frequency selection scheme is important for mitigating the interference to MeNB/MUE or micro eNB and keeping performance of MeNB/MUE or micro eNB. Therefore the concept of our HeNB adaptive frequency selection scheme should be described in [4] in the near future.

4 Text Proposal (Same structure as “7  Guidance on how to control HNB interference in TR 25.967)
x.1  HeNB Measurement

According to the measurement type, some of these measurements can be collected through Connected Mode UEs attached to the HeNB or via a DL Receiver function within the HeNB itself. Such DL receiver function is also called Network Listen Mode (NLM), Radio Environment Measurement (REM) or “HeNB Sniffer”. 

These measurements can also be used during the HeNB self-configuration process. 

x.1.1  Measurement to identify macro/micro/HeNB cells
This section identifies the potential measurements performed by HeNB during self-configuration and normal operation. Based on the measurements, the HeNB can obtain useful information to identify its surrounding macro cells or micro cells or HeNB cells and indirectly identifies other HeNBs nearby for purposes such as mobility handling. 

Table x.1: HeNB measurements to identify macro/micro/HeNB cells
	Measurement Type
	Purpose
	Measurement Source(s)

	HCS
	Distinction between macro, micro ,and HeNB cell
	HNB DL Receiver

	
	
	


x.1.2  Measurement from macro cell layer

This section identifies the potential measurements can be performed by HeNB during self-configuration and normal operation. Based on the measurements, the HeNB can obtain useful information from its surrounding macro cells for purposes such as interference management. 
Table x.2: HeNB measurements from surrounding macro cells

	Measurement Type
	Purpose
	Measurement Source(s)

	Co-channel RSRP
	- Calculation of co-channel DL interference towards macro UEs (from HeNB)

- Calculation of co-channel UL interference towards macro layer (from HUEs)

- Calculation of co-channel UL interference towards HeNB from macro UEs (macro UEs’ Tx power could be virtually estimated)
	HeNB DL Receiver

HUE

	
	
	


x.1.3 Measurement from other HeNB cells
This section identifies the potential measurements performed by HeNB during self-configuration and normal operation. Based on the measurements, the HeNB can obtain useful information from its adjacent HeNBs for purposes such as interference management. 
Table x.3 HeNB measurements from surrounding macro cells

	Measurement Type
	Purpose
	Measurement Source(s)

	Co-channel RSRP
	Calculation of co-channel DL interference towards neighbour HUEs (from HeNB)
Calculation of co-channel UL interference towards neighbour HeNBs (from HUEs)
	HeNB DL Receiver

HUE

	
	
	


x.2  Control of HeNB downlink interference
x.2.2 Adaptive Frequency Selection
HeNB can measure the RSRP for the carrier frequency of the neighbor macro/micro/HeNB cells. In addition, the HeNB can receive SIBs from the neighbor macro/micro/HeNB cells and obtain information on HCS. The HeNB should select the carrier frequency based on the measurement result on the RSRP and the information on HCS. 
If the HeNB is overlaid by a micro cell, when the RSRP for the carrier frequency of both neighbor macro cell and micro cell exceed certain thresholds, the HeNB should select the carrier frequency used by the cell that has the lower priority (i.e. macro cell). If the HeNB is not overlaid by a micro cell, HeNB should select the carrier frequency, whose RSRP is the smaller. 
If there multiple neighbor HeNBs exist, the HeNB measures the RSRP for the carrier frequency of the neighbor macro cells and the neighbor HeNB cells shown by the HCS information. When the RSRP for the carrier frequency of the neighbor macro cell and more than one HeNB cells exceed certain thresholds, the HeNB should select the carrier frequency used by that of the neighbor HeNB cell.
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Annex: Simulation Assumption

Table2. Macrocell system assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	500, 1732, 3464 m

	Number sites
	7 (=21 cells) with wrap-around.

	Carrier Frequency
	2000 MHz

	Distance-dependent path loss
	See section 5.2 in [3]

	Shadowing standard deviation
	8 dB (see section 5.3 in in [3])

	Auto-correlation distance of Shadowing
	50 m (see section 5.3 in [3])

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3 in [3])

	
	Between sectors
	1.0 (see section 5.3 in [3])

	Penetration Loss (assumes UEs are indoors)
	20 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See section 5.1 in [3]

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	43 dBm

	UE power class
	23 dBm (200 mW)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Traffic model
	Full buffer with 10 Macro UEs per sector.

	UE distribution
	Uniform distribution

	Minimum distance between UE and cell
	>= 35 m

	UE speeds of interest
	3 km/h

	DL Receiver Type
	MRC (single stream) 


Table 3. HeNB system assumptions

	Parameter
	Assumption

	Cell Radius
	10 m

	HeNB Frequency Channel
	same frequency and same bandwidth as macro layer

	Min separation UE to HeNB
	10 cm

	Number Tx antennas HeNB
	1

	Number Rx antennas HeNB
	2

	HeNB antenna gain
	0 dBi

	Exterior wall penetration loss
	20 dB

	Interior path loss model
	See section 5.2 in [3]

	Interior to Exterior path loss model
	See section 5.2 in [3]

	Exterior path loss model HeNB to UE
	See section 5.2 in [3]

	Log-normal shadowing standard deviation
	4 dB

	Noise figure HeNB
	8 dB

	Max Tx power HeNB
	13 dBm (fix)

	Carrier bandwidth
	5 MHz


Table 4. Suburban HeNB modelling parameters

	Parameter
	Value

	Minimum separation HeNB to macro BS
	35 m

	Number of active HeNB UEs per HeNB cell
	1

	Number of HeNB per macro sector
	10

	Distribution of HeNB
	Random uniform within macro coverage area, subject to minimum separation to macro BS and non-overlapping constraint.

	Distribution of HeNB UE within HeNB house
	Random uniform, subject to minimum separation to HeNB
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