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1 Introduction

RAN4 has discussed the proposed way forward in [1], which classifies interference management schemes for HeNB into three categories, i.e., control channel protection, soft frequency reuse, and smart power control. The HeNB interference management scheme based on mapping between PCIs and resource allocation patterns (RAPs) belongs to the category of soft frequency reuse [2]. The way forward suggests a number of criteria that a proposed scheme should meet for its acceptance. The criteria for the category of soft frequency reuse are as follows:
a. Impact on RAN2/RAN3 

b. Performance gain that can be obtained based on realistic simulation scenarios/assumption agreed in RAN4. 
c. Complexity of the scheme on HeNB.
In this contribution, we investigate HeNB interference management based on mapping between PCIs and resource allocation patterns in terms of the above criteria.
2 Analysis in terms of the criteria
2.1 Impact on RAN2/RAN3

Interference management scheme based on mapping between PCIs and RAPs requires the following:

a. a number of RAPs; Each pattern shows a profile of maximum Tx power for each PRB or group of PRBs
b. a function which maps RAPs to PCIs

c. sharing of the information of the RAPs and the mapping function by all cells

d. reporting of PCIs of neighbouring cells by UEs

e. scheduling of PRBs in accordance with RAP
Our proposed scheme can be implemented with a centralized coordinator. The concept of a centralized coordinator has been proposed to mitigate interference between neighbouring HeNBs [3]. The centralized coordinator generates a number of RAPs and a function which maps RAPs to PCIs, and then sends to all cells the information of RAPs and the mapping function. This leads to a new definition of the interference coordinating function of the coordinator and messages from the coordinator to (H)eNBs.
Reporting of PCIs of neighbouring cells by UEs is already a function of Rel-8 UE. HeNB should use PRBs according to the assigned resource allocation pattern. This requires a change of the power control of PRBs in the specification.
2.2 Complexity of the scheme on HeNB
The interference management scheme based on mapping between PCIs and RAPs does not require any new or additional functionality for HeNB, and hence does not require any additional complexity in HeNB. 

2.3 Performance gain

Simulation results in [2] showed that the interference management scheme based on mapping between PCIs and RAPs improves the cell edge performance and provides a better fairness compared to frequency reuse 1 with no coordination between HeNBs. In [2], the proposed scheme was evaluated assuming full buffer traffic. In this contribution, we present evaluation results assuming bursty traffic and full buffer traffic. The following three schemes are evaluated:
a. frequency reuse 1 with no coordination

b. orthogonal resource allocation between HeNBs based on colouring of jamming graphs

c. interference management scheme based on mapping between PCIs and RAPs
In orthogonal resource allocation between HeNBs based on colouring of jamming graphs, a jamming graph is defined, where the node and the edge denote an active HeNB and a jamming condition between HeNBs, respectively. A jamming condition is declared when the channel gain difference between the interfering and serving links exceed a certain threshold [4]. The constructed jamming graph is coloured by using a distributed graph colouring algorithm [5].
In the interference management scheme based on mapping between PCIs and RAPs, we generate a number of resource allocation patterns using mutually orthogonal Latin squares in [2]. 
In the evaluation, the 5x5 grid model in [6] is used. A single UE is associated with a HeNB. Both HeNB and UE are randomly dropped in the apartment with a uniform distribution. We use a bursty traffic model. The simulation parameters mostly follow the evaluation methodology in [6] with some specific parameters listed in Table 2.1
Table 2.1 System simulation parameters
	Parameter
	HeNB

	Cellular Layout
	5x5 grid model

	Path loss model
	PL(dB) = 127+30log10(R/1000)

	Shadowing standard deviation
	10 dB

	Exterior wall penetration loss 
	10 dB

	Antenna pattern
	Omni-directional

	Maximum HeNB TX power
	20 dBm

	Carrier bandwidth
	10 MHz

	Number of active HUEs per HeNB
	1

	Traffic model
	Bursty, Full buffer

	Overhead
	30% (including reference signal, and DL control channel)


Fig. 2.1 – Fig. 2.4 show the evaluation results for various utilization ratios, where the utilization ratio is defined by the probability that the buffer of a HeNB is not empty. Accordingly, a bursty traffic with a utilization ratio of 1 is equivalent to full buffer traffic. Instantaneous channel capacity at time t is defined as below:
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Full reuse means frequency reuse 1 with no coordination. We have evaluated the graph-colouring-based scheme with -8dB, 0dB, and 6dB threshold. The proposed scheme can have different levels of interference orthogonalization. F/G is the ratio of the number of assigned PRBs to the number of total PRBs. With a smaller ratio of F/G, we have a higher level of interference orthogonalization. In case of (G:10 F:4), accordingly, each HeNB uses 20 PRBs out of 50 PRBs. 
Fig. 2.1 – Fig. 2.4 show instantaneous channel capacity and instantaneous SINR of the evaluated schemes. Table 2.2 summarizes the x-percentile channel capacity. From these figures and the table, we observe the followings:
a Both the proposed scheme and graph-colouring-based scheme can provide much better fairness compared to frequency reuse 1 without coordination

b At a low or medium utilization ratio,
b-1 The proposed scheme provides low-throughput users with much higher capacity than the graph-colouring-based scheme
b-2 The proposed scheme provides very-high-throughput users with a similar capacity to the graph-colouring-based scheme

b-3 The proposed scheme provides much better fairness without loss in throughput for high-throughput users.

c At a very high utilization ratio, the proposed scheme provides a similar performance to the graph-colouring-based scheme

In consequence, the proposed scheme is superior to the graph-colouring-based scheme at low or medium utilization ratios, while providing a similar performance to the graph-colouring-based scheme at very high utilization ratio.
3 Conclusions
In this contribution, we have investigated the HeNB interference management scheme based on mapping between PCIs and resource allocation patterns in terms of the criteria for the category of soft frequency reuse. 

a. In terms of specification impact, the proposed scheme requires a new definition of interference coordinating function of the coordinator and messages from the coordinator to (H)eNBs, and small modification in power control of PRBs
b. Interference management scheme based on mapping between PCIs and RAPs does not require any additional complexity in HeNB
c. The proposed scheme provides much better fairness without loss in throughput for high-throughput users compared to the graph-colouring-based scheme

In addition to the above conclusions, it is worth noting the followings:

a. The proposed scheme does not demand UEs to decode MIB and/or SIBs of neighbouring cells, which is beneficial in terms of UE battery consumption
b. The proposed scheme does not require frequent reallocation of resources. Frequent reallocation leads to a high complexity of signalling and makes the network very unstable.
c. The proposed scheme is effective in interference mitigation between MeNB and HeNB as well as between HeNBs.
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Fig. 2.1 utilization ratio = 0.2
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Fig. 2.2 utilization ratio = 0.5
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Fig. 2.3 utilization ratio = 0.7
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Fig. 2.4 utilization ratio = 1.0

Table 2.2 x-percentile channel capacity

	Utilization ratio
	Scheme
	x-percentile channel capacity

	
	
	5%
	10%
	50%
	90%
	95%

	0.2
	FFR G:10, F:1 
	7.0401
	7.7824
	10.4352
	13.2998
	14.1782

	
	FFR G:10, F:2 
	8.6037
	10.2563
	16.3338
	22.7427
	24.6076

	
	FFR G:10, F:4
	5.1516
	7.4343
	18.4813
	30.9531
	34.6152

	
	Jamming graph : Threshold 6
	1.4784
	2.0827
	5.1901
	10.7845
	13.4112

	
	Jamming graph : Threshold 0
	1.6398
	2.5345
	7.7743
	17.9114
	21.7299

	
	Jamming graph : Threshold -8
	1.7656
	3.3565
	12.8726
	28.8707
	34.2001

	
	Full Reuse 
	0.8934
	2.7662
	25.5964
	57.3700
	66.3496

	0.5
	FFR G:10, F:1 
	2.8448
	3.6155
	6.7760
	10.2463
	11.2533

	
	FFR G:10, F:2 
	2.1511
	3.1877
	8.1651
	14.2621
	16.1520

	
	FFR G:10, F:4
	1.2558
	2.3733
	10.3207
	22.0027
	25.7344

	
	Jamming graph : Threshold 6
	1.0950
	1.5273
	4.4058
	9.2892
	11.2781

	
	Jamming graph : Threshold 0
	1.0064
	1.5347
	5.6762
	13.4106
	16.5422

	
	Jamming graph : Threshold -8
	0.7303
	1.4573
	7.9727
	19.8590
	24.4663

	
	Full Reuse 
	0.1971
	0.6422
	13.2269
	42.7487
	52.0207

	0.7
	FFR G:10, F:1 
	1.9002
	2.5291
	5.2602
	8.4369
	9.4485

	
	FFR G:10, F:2 
	1.2588
	2.0789
	6.4705
	12.3075
	14.0948

	
	FFR G:10, F:4
	0.6674
	1.4311
	8.2222
	19.6363
	23.3007

	
	Jamming graph : Threshold 6
	0.9922
	1.3932
	4.2380
	8.8475
	10.6881

	
	Jamming graph : Threshold 0
	0.8734
	1.3235
	5.0811
	11.8902
	14.5693

	
	Jamming graph : Threshold -8
	0.5485
	1.0052
	6.5459
	17.2325
	21.4896

	
	Full Reuse 
	0.1149
	0.3738
	9.7551
	37.8742
	47.1520

	1.0
	FFR G:10, F:1 
	1.0791
	1.5865
	3.9546
	6.8940
	7.8318

	
	FFR G:10, F:2 
	0.6755
	1.2373
	5.0453
	10.7377
	12.5446

	
	FFR G:10, F:4
	0.3256
	0.7749
	6.2494
	17.3542
	21.0498

	
	Jamming graph : Threshold 6
	0.9091
	1.2855
	4.1593
	8.5430
	10.0654

	
	Jamming graph : Threshold 0
	0.7342
	1.1007
	4.5162
	10.407
	12.6752

	
	Jamming graph : Threshold -8
	0.4118
	0.7110
	5.2307
	14.7836
	18.7483

	
	Full Reuse 
	0.0660
	0.2085
	6.6762
	33.0947
	42.3187
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