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1
Introduction
In TR 36.921, 7.2.2.2[1] “Control of HeNB Downlink Interference among neighboring HeNBs”, it mentioned that a HeNB may listen to neighboring HeNBs.

When powered on, a HeNB listens to neighboring HeNBs' control channel and reference signal transmissions, determines the cell ID of each neighboring HeNB and measures the path loss from each of them. In addition, the HeNBs could also use reports from UEs.

In this contribution, we proposed a group-based interference mitigation method, which is based on 1) the reference signal received power at HeNBs or 2) the distance information between HeNBs. A SON server utilizes the measurements and reports from HeNBs to execute resource partition procedures for interference mitigation.

2 Discussion

2.1 Group-based interference mitigation method

The main idea of the proposed method is to select some HeNBs into a group, and assign frequency bands to members in the same group to mitigate interference. Two types of measurements and reports can be used in the proposed method:  1) the reference signal received power at HeNBs and 2) the distance information between HeNBs. In order to understand results using these two measurements and reports, two simulations are perfomed and the simulation results are shown.
2.1.1 Using reference signal received power at HeNBs
The first simulation is based on the reference signal received power at a HeNB from all of its neighbouring HeNBs. A measurement matrix is used to record reference signal received power among all HeNBs. Based on the measurement matrix and a pre-configured power threshold, an algorithm, as an example, is used to illustrate the benefit by grouping interfering HeNBs together to mitigate interference between them. For each group, HeNBs are selected into the group when they have a received power higher than the power threshold: MinPower.  
MinPower = {- 30dBm, - 40dBm, -50dBm, ...} 
An example is given in Fig. 1 to show grouping results. In the simulatiom, differenet power threshold values are configured and simulated to undertand influence of different thresholds. It is noteworthy to remind that this grouping method can mitigate interference among HeNBs that encounter interference from neighbouring HeNBs.
2.1.2 Using distance information between HeNBs
A second method is to group HeNBs by using distance information between two HeNBs. In this method, the basic scheme is similar to previous method except the measurement matrix is changed from received power to the distance between HeNBs. HeNBs are selected into a group when the distance bwteen them are smaller than a threshold: MinDistance.
MinDistance = {6m,7m,8m,...}
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Fig. 1: Results of group-based interference mitigation at receive power threshold -45dBm
2.1.3 Frequency allocation scheme: 
The frequency allocation scheme herein allocates orthogonal frequency bands to the interferer and its victim HeNBs within a group. If there is no strong interference connection between a particular pair of nodes, those nodes can share the same frequency band.
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Fig. 2: An example of group frequency allocation schemes

2.2 Performance analysis
In this discussion, we analyze the performances of the group-based interference mitigation method by adopting the HeNB deployment scenario in TR 36.814 [2]. As depicted in Fig. 1, a building located within the coverage of the Macrocell is considered. In the building, there are two stripes of apartments and each stripe comprises 20 apartments.   There is one co-located HeNB in each apartment and all co-located HeNB share the same frequency band that suffering interference from the Macrocell. 

When the SINR is below 3.5 dB, the corresponding user is in outage. This minimum SINR value is therefore used to compute the outage probability.

The other important metric is the average system capacity. For each user, the SINR of each  of  the  channels  he  has  been  assigned  to  is  mapped  to  the  correct  coding  rate  and  spectrum  efficiency. The average system capacity of the HeNB is given by the sum of the mean data rate of all the HeNB UEs accumulated during the simulation time.
If there were no grouping, it is then referred to the original case, without any collaborative algorithm implemented.

In Fig. 3 and Fig.4, the outage probability is decreasing significantly for both clustering methods. It gets smaller when distance threshold and the power threshold are increasing and at capacity trade-off.
In Fig. 5, we can see that these two clustering algorithms reach the similar UE capacity with outage probability constraint. Therefore, we conclude both methods have similar performance.
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Fig. 3: Spectral efficiency of group-based interference mitigation with various reference signal received power thresholds
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Fig. 4: Spectral efficiency of group-based interference mitigation with various distance thresholds
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Fig. 5: The ratio of UE capacity between two types of measurements at various outage probabilities 

3
Conclusion

In this group-based interference mitigation method, HeNB reports two types of measurements to backhaul: 1) the reference signal received power at HeNBs and 2) the distance information between HeNBs. We have shown that this group-based interference mitigation method is effective to mitigate interferences between HeNBs.

We thus ask RAN1 to discuss and agree on following proposal.

Proposal: RAN1 endorses the group-based interference mitigation method as the DL interference mitigation solution for HeNBs, which could be based on either 1) the reference signal received power at HeNBs or 2) the distance information between HeNBs. 
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Appendix

Table 1: Simulation parameters

	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz

	Number of Macrocell
	1 Macrocell with 3 sectors

	HeNB deployment model
	One building with two stripes and each stripe comprises of 20 apartments. There is one floor in the building and each apartment has one HeNB serving HUEs.

	Maximum HeNB transmit power
	20 dBm

	Maximum eNB transmit power
	46 dBm

	Number of HUE
	3 HUEs/femtocell

	HeNB access 
	Closed Subscriber Group (CSG)

	HeNB active ratio
	100%

	Penetration loss
	See Table A.2.1.1.2-8 in [2].

	Path loss
	See Table A.2.1.1.2-8 in [2].

	Lognormal shadowing standard deviation
	4dB for link between HeNB and HUE.
8dB for other links.

	Min. distance between eNB and HeNB
	35 meters

	HeNB antenna gain
	0 dBi
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