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1. Introduction  
In RAN#47, EICIC for co-channel Het-Net was approved as a WI. The objective is to identify and evaluate non-CA based, enhanced ICIC for control and data channels in Het-Net deployments. Range expansion technique has been widely proposed in [1][2] to optimize the system performance. In this contribution, we study the downlink control channel performance for range expansion with different cell selection biases in Macro + pico co-channel deployed HetNet. We also discuss about some eICIC schemes for control channel interference mitigation.
2. Control channel performance
We study two scenarios by referring to [3], which are respectively cell-center and cell-edge deployment with 2 pico cell per sector, where the distance between the pico eNB and macro eNB is respectively 2/9 ISD and 8/15 ISD. The presented results are for the full buffer traffic model and path loss model 1. Detailed simulation parameters are referred to Appendix. To show the impact of range expansion in the macro+pico deployment, the various biases, e.g., 3dB, 6dB, 10dB, 16dB and 20dB are used to illustrate the impact of the UE association approaches. 
We focus on the downlink control channel performance of Macro plus Pico deployment. By referring to [4][7], it is usually assumed that a BLER<1% for control channels is needed. The approximation of minimum SINR for different control channels is listed in Table 1. We calculate the percent that the SINR is lower than the regulated values as shown in Table I for different control channel as the outage probability of control channel. 
Table 1 SINR thresholds for 1% BLER on different CCH

	
	PBCH
	PCFICH
	PHICH
	PDCCH

	Required SINR for CCH @ 1% BLER
	-8.5 dB
	-7dB
	-3.2 dB
	-3.8 dB


Fig. 1 shows the outage performance of PCFICH, PDCCH, PBCH and PHICH versus various cell-selection bias values in the cell centre deployment. We observe that the use of large cell-selection bias value seriously degrade the outage performance of Pico UE. Instead, the range expansion has little impact on the outage ratio of macro UE. 

Fig. 2 shows the outage performance under the cell edge deployment. The curves show the likewise performance tendency. From the simulation results, we can see that, control channel performance becomes worse (UEs observe more interference) in the cell centre deployment compared with the cell edge deployment.
[image: image1.emf]0 2 4 6 8 10 12 14 16 18 20

0

10

20

30

40

50

60

70

80

90

Cell-selection bias[dB]

Outrage-ratio[%]

 

 

PBCH

PFICH

PDCCH

PHICH

[image: image2.emf]0 2 4 6 8 10 12 14 16 18 20

0

5

10

15

20

25

30

35

40

45

50

Cell-selection bias[dB]

Outrage ratio[%]

 

 

PCFICH

PBCH

PDCCH

PHICH


a) pico UE
 






b) macro UE 

Fig. 1 Outage ratio (2/9 ISD)
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Fig. 2 Outage ratio (8/15 ISD)

Annex-B shows the control channel (e.g., PCFICH, PDCCH, PBCH and PHICH) SINR distributions of Pico UE and Macro UE using RSRP-based cell selection with various cell-selection bias values for cell centre and cell edge deployment respectively. With increasing bias values selected in range expansion, more Pico UEs suffer from SINR degradation in control channel. This is attributed to not only the reduction of the receiving signal strength, but also the increasing interference from macro eNB. On the other hand, the interference that Macro UE suffer from Pico eNBs becomes less serious especially for large cell-selection bias values.

3 EICIC schemes of control channel
As shown in [4-7], blank subframe in time domain or muting part of frequency resource between difference cells as well as time shifting subframes etc. serve as possible solution for interference mitigation. Considering the backward compatibility, we suggest the control channel ICIC between the macro- and pico-cells is implemented through reducing the transmission power or muting resource elements for the control signal in some of the macro-subframes. 
In particular, a pico node can use all resources while macro nodes can use only part of the resource. It may result in utilization of almost blank subframes through configuring the MBSFN indication message or some subframes with the data transmission by cross-subframe scheduling. Interference from the macro-cell control signal to the pico-cell control signal in those subframes is largely mitigated except for the CRS interference from the macro-cell.
We show the performance evaluation with regarding to the load reduction in the control region as follows. By referring to [7], when no PDCCH is multiplexed in 3-OFDM-symbol control region (i.e. only CRS, PHICH and PCFICH are transmitted in the control region), the transmission power of the control region is approximately 25% of that of full PDCCH loading case. Therefore, range of actual performance will be between the performance curves for 20% and 100%. We hence study the SINR CDF of pico UE for different control channel. 
Fig. 3 shows SINR distributions of Pico UEs with cell-selection bias of 6dB under cell centre deployment scenario. The control region size is 3 OFDM symbols. And the total transmission power of the control region of the macro eNB is varied from 0 % to 100 %. The various transmission power values are set as 0, 20%, 40%, 60%, 80%. 
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Fig. 3 SINR CDF of Pico UE (2/9 ISD) 

Annex-C shows SINR distributions of Pico UEs with cell-selection bias of 6dB under cell edge deployment scenario. Similar trends and results are observed for various control channel.
The impact of this approach is as follows.

· The almost blank subframe should be carefully chosen to ensure synchronous HARQ operation for the uplink data transmission. Otherwise, the PHICH transmission in almost blank subframes will incur part of control channel interference from macro- to pico-cells. 
· Considering the improvement of resource utilization efficiency, the data traffic transmission in the control region muted subframe may be enabled with low power or frequency resource partitioning. In this case, a cross-subframe scheduling mechanism is needed to schedule macro UEs in the control region muted subframe. 
The solution of the time shifting of subframes is not recommended as the interference between the control region and the data region is generated when the interference between the control regions is eliminated.
4 Conclusion 
In this contribution, we provided our performance evaluation regarding to the downlink control channel reliability in the macro cell plus pico cell deployment with range extension.

We draw the conclusion that

· With the use of large cell-selection bias value, Pico UEs in the expanded area of pico cell suffer from severe interference from macro cell in the control channel. 
· The interference impact on control channel is especially severe for cell centre hotzone scenarios. 
· Time domain subframe muting or power reduction in combination with cross-subframe scheduling is recommended as the possible solution technique for control channel interference mitigation.
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Annex-A
	Parameter
	Value

	HTN scenario
	3GPP, Hotzone, configuration 1, model 1

	Cellular layout
	Hexagonal layout with wrap around, 7 eNodeBs, 3 cells per eNodeB

	System frequency
	2GHz carrier, 10 MHz bandwidth

	ISD
	500m (case 1), 1732m (case 3)

	eNodeB Tx power
	46 dBm

	Hotzone Tx power
	30 dBm

	Number of Hotzones per cell
	2

	Number of UE per cell
	25

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Scheduling delay
	6ms

	Scheduling granularity
	5PRBs

	Downlink HARQ
	Asynchronous HARQ with CC, Maximum three retransmissions, and hop-by-hop HARQ in relay network

	Number of eNodeB antenna
	1 Tx antenna 

	Number of Hotzone antenna
	1 Tx antenna and 2 Rx antennas 

	Number of UE antenna
	2 Rx antennas 

	Antenna configuration
	eNodeB antenna pattern: 14dBi antenna gain, sectorized 
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Hotzone antenna pattern:  5dBi antenna gain, Omni,  
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UE antenna pattern:  0dBi antenna gain, Omni

	Downlink receiver type
	MRC

	Path-loss model
	Macro to UE
	Model 1:

PL= 128.1+37.6log10(R), R in km
Model 2:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
R in km
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	
	Hotzone to UE
	Model 1:

PL=140.7+36.7log10(R), R in km 
Model 2:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Penetration loss
	20dB for both macro to UE and Hotzone to UE

	Channel estimation error
	None

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs, overhead for demodulation reference signals

	Aggregation level
	8 CCE


Annex-B
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a) SINR of Pico UE






b) SINR of Macro UE

Fig. 1 PCFICH SINR CDF (2/9 ISD)
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a) SINR of Pico UE






b) SINR of Macro UE

Fig. 2 PCFICH SINR CDF (8/15 ISD)
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a) SINR of Pico UE






b) SINR of Macro UE

Fig. 3 PDCCH SINR CDF (2/9 ISD)
[image: image17.emf]-25 -20 -15 -10 -5 0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR

CDF

Empirical CDF

 

 

BIAS 0dB

BIAS 3dB

BIAS 6dB

BIAS 10dB

BIAS 16dB

BIAS 20dB

 [image: image18.emf]-10 -5 0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR

CDF

Empirical CDF

 

 

BIAS 0dB

BIAS 3dB

BIAS 6dB

BIAS 10dB

BIAS 16dB

BIAS 20dB


a) SINR of Pico UE






b) SINR of Macro UE

Fig. 4 PDCCH SINR CDF (8/15 ISD)
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a) SINR of Pico UE






b) SINR of Macro UE

Fig. 5 PBCH SINR CDF (2/9 ISD)
[image: image21.emf]-30 -20 -10 0 10 20 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR

CDF

Empirical CDF

 

 

BIAS 0dB

BIAS 3dB

BIAS 6dB

BIAS 10dB

BIAS 16dB

BIAS 20dB

 [image: image22.emf]-10 -5 0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR

CDF

Empirical CDF

 

 

BIAS 0dB

BIAS 3dB

BIAS 6dB

BIAS 10dB

BIAS 16dB

BIAS 20dB


a) SINR of Pico UE






b) SINR of Macro UE

Fig. 6 PBCH SINR CDF (8/15 ISD)
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a) SINR of Pico UE






b) SINR of Macro UE

Fig. 7 PHICH SINR CDF (2/9 ISD)
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a) SINR of Pico UE






b) SINR of Macro UE

Fig. 8 PHICH SINR CDF (8/15 ISD)

Annex-C
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a) PBCH SINR






b) PCFICH SINR
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c) PDCCH SINR                             d) PHICH SINR

Fig. 1 SINR CDF of Pico UE (8/15 ISD) 
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