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1. Introduction
In heterogeneous networks, the interference problem may become serious due to the introduction of lower power nodes which leads to low geometries especially in the co-channel deployment scenarios. The low geometries seen in heterogeneous deployments [1] necessitate the use of interference coordination for both control and data channels to enable robust operation. In the previous meeting [2], an interference coordination method considering legacy UEs has been proposed to solve the interference problem for control channel in co-channel Macro-Pico deployment scenario. In this contribution, analysis of the methods including reuse of R8 strategies and their enhancements are given for physical control channels including PBCH, PCFICH, PDCCH and PHICH considering legacy R8/9 UEs in Macro-Pico co-channel deployment. Also limitation of methods and the tolerable geometries reference applying enhanced methods are also provided.   
2. Discussion
2.1. Muting condition
From the CDF curve shown in Fig.1 (The detailed simulation parameter can be found in Annex), we can see that in Macro-Pico co-channel deployment scenario, when Range Expansion (RE) is applied, the interference to Macro UE (MUE) from the Pico eNB (PeNB) can be ignored while the interference to Pico UE (PUE) from Macro eNB (MeNB) can be rather serious. So the Pico system can always occupy all the resources without causing serious interference to Macro system [4].
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Fig 1: The CDF curve using RE with bias = 20 in Macro-Pico co-channel deployment
In the co-channel deployment scenario, due to the strong interference from the MeNB to the PUEs, some edge PUEs may suffer low geometries which lead to the unreliable reception of control channel. To guarantee the performance of the cell edge PUEs, the MeNB can mute some resources (time domain). It has been proved that there is huge system throughput increase although Macro sacrifices some resources. Also, considering the distributed deployment of PeNBs, MeNB implementing the muting process can provide a centralized control to guarantee the robustness of the system.
Proposal 1: In Macro-Pico co-channel deployment scenario, only resources of Macro system need to be muted.

2.2. Discussion 
In this section, we discuss the interference coordination methods for DL physical control channels in co-channel Macro-Pico deployment scenario. In light of section 2.1, resources limitations are considered mainly at the side of MeNB. Considering R8/9 legacy, the common control channel such as PCFICH needs to be kept every subframe for both Macro and Pico system.
2.2.1 PCFICH
In R8/9 system, since the PCFICH-to-RE mapping depends on the cell identity, the probability of collision with PCFICH in neighboring cells in synchronized networks is reduced, thereby improving the performance of PCFICH.
To maintain R8/9 compatibility, other enhanced methods can be applied to mitigate the interference problem in PCFICH, such as:
· Interference coordination via limitation on PDCCH transmission of MeNB
Similar design in R8/9 system can be re-used in Macro-Pico co-channel deployment scenario. Different PCFICH-to-RE mapping between MeNB and PeNB can be achieved by properly setting the cell identity of PeNB to avoid completely PCFICH collision. In the subfames which MeNB and PeNB work simultaneously, cell center PUEs may have reliable PCFICH reception. Cell edge PUEs can be served in the subframes configured as MBSFN subframes in Macro system. In those MBSFN subframes, no/few uplink and downlink grants are transmitted from MeNB by proper scheduling while some uplink subframes will be sacrificed as well. The same consideration can be applied to PHICH as well. At most 1/4 PCFICH resource of Pico is interfered by Macro, so at least geometry of 6dB improvement for PCFICH can be achieved.
As shown in [3], the required SNR for PCFICH reception is -2dB. Applying the proposed method, geometry of -8 dB and above in co-channel deployment can be tolerated.

2.2.2 PBCH
The PBCH is mapped to the subframe 0 of each frame in four consecutive radio frames. The system information is repeated in four consecutive subframes, that implies that some UEs in good channel condition can get the system information without receiving the full set of four PBCH.
To maintain R8 compatibility, current design can be re-used in Macro-Pico co-channel deployment scenario. Additional enhanced method such as power control can be applied to solve this problem as illustrated as Fig.2, MeNB can set very low power when transmitting PBCH in some of its subframes where PBCH reception of Pico edge UEs can be guaranteed. The number of subframes needed to set low power can be dynamically adjusted according to the change of served PUEs’ channel condition.
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Fig 2: Power control for PBCH
2.2.3 PDCCH

For the interference in PDCCH, the method in [2] was proposed. In this method, MeNB can configure MBSFN subframe in some subframes and set their control channel size to 1 to avoid completely control channel collision with the PeNB.
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Fig 3: Proposed solution for control channel interference coordination
As illustrated in Fig 3, for example, in subframe n+2, PeNB sets its control channel size to the maximum number (3 for large bandwidth and 4 for small bandwidth) while the MeNB can configure this subframe as a MBSFN subframe and set its control channel size to 1. In subframe n+2, only one control symbol for PeNB is interfered by MeNB. So the performance for PUE can be improved. 

In the Subframes which MeNB and PeNB work simultaneously (e.g. subframe n and n+1 in the figure above), only PUEs in good channel condition (cell center PUEs) are served. Cell edge PUEs can only be served in subframes (e.g. subframe n+2 in Fig.3) configured as MBSFN subframe for MeNB. 
The subframes which can be configured as MBSFN subframes for different TDD uplink-downlink configurations are summarized as follows:

Table 1: Uplink-downlink configurations.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	
	
	
	
	
	
	
	
	
	

	1
	5 ms
	
	
	
	
	√
	
	
	
	
	√

	2
	5 ms
	
	
	
	√
	√
	
	
	
	√
	√

	3
	10 ms
	
	
	
	
	
	
	√
	√
	√
	√

	4
	10 ms
	
	
	
	
	√
	
	√
	√
	√
	√

	5
	10 ms
	
	
	
	√
	√
	
	√
	√
	√
	√

	6
	5 ms
	
	
	
	
	
	
	
	
	
	√


For TDD configuration 0, no downlink subframe can be configured as MBSFN subframe, so the proposed method cannot be applied in this case. Also in TDD configuration 6, when MeNB configures MBSFN subframe in subframe 9, as the ACK/NACK feedback for the PUSCH scheduled in subframe 9 is transmitted in subframe 0 which cannot be configured as MBSFN subframe, the ACK/NACK feedback for the uplink grant scheduled in subframe 9 cannot be reliably received. So the proposed method cannot be applied in TDD configuration 6 either.  In other TDD configurations, enough downlink subframes can be configured as MBSFN subframes. The number of MBSFN subframes configured in a radio frame can be dynamically adjusted according to the resource request of cell edge PUEs.

In the proposed method, some subframes for MeNB are wasted. However, as shown in [4], the system throughput still increases in co-channel Macro-Pico deployment scenario. Although there are some limitations in the application scenario and resource sacrifice for MeNB as discussed above, the proposed method can be practical from the aspect of R8 compatibility, low complexity and impact to specs in PHY.
As PDCCH is spread in the overall band and control region, applying proposed method, in the muted subframes of MeNB, only the first symbol that is 1/3 PDCCH resource is interfered by MeNB. So at least geometry of 5dB improvement is achieved. 

Also other enhanced methods can be applied to further mitigate the interference problem in PDCCH such as:

· Interference coordination via limitation on PDCCH transmission of MeNB
In the subframe configured as MBSFN subframe for MeNB, the power for PCFICH and other control channels can be decreased as only cell center MUEs can be served in this subframe. Moreover, by proper scheduling, no uplink and downlink scheduling is transmitted in the MBSFN subframe, the interference degree for PUEs can be further decreased.
As shown in [3], when 8CCE aggregation is applied for 24 source bits, the required SNR of PDCCH reception is about -7dB. Applying the proposed method, the geometry of -12 dB and above can be tolerated.

2.2.4 PHICH

Similar with the interference coordination problem for PDCCH and PCFICH, the PHICH for cell edge PUEs can be scheduled in the subframes configured as MBSFN subframes of MeNB. In these subframes, at most 1/3 PHICH resource of PUEs is interfered. So at least geometry of 5dB improvement is achieved.
 Also, other enhanced methods such as power control and proper scheduling for Macro can further improve the performance.
As shown in [3], the required SNR for PHICH reception is about -3dB. Applying the proposed method, geometry of -8 dB and above can be tolerated.
2.2.5 Summary
From the analysis and tolerable geometries presented above, PHICH and PCFICH are most sensitive to the interference applying proposed method. In the worst case, geometry of -8dB in the downlink control channel can be tolerated. As illustrated in Fig.4 (The detailed simulation parameter can be found in Annex), the most tolerated range expansion bias is 8 dB. For the case whose bias is larger than 8dB, other methods should be considered.
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Fig 4：The CDF curve for PUE with different bias

Proposal 2: Considering the R8 compatibility, at most 8 dB RE bias can be tolerated applying proposed method. Other enhanced methods such as power control and scheduling limitation can further improve the performance on downlink control channel.
3. Conclusion
In this contribution, we review the proposed interference coordination methods for downlink control channels in co-channel Macro-Pico scenario with several proposals:
Proposal 1: In Macro-Pico co-channel deployment scenario, only resources of Macro system need to be muted.

Proposal 2: Considering the R8 compatibility, at most 8 dB RE bias can be tolerated applying proposed method. Other enhanced methods such as power control and scheduling limitation can further improve the performance on downlink control channel.
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5. Annex
· A1.System Simulation Assumptions
Table1. Macro-cell system assumptions

	Parameter
	Assumption

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

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) with wrap-around.

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

In order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

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


	UE distribution
	UEs dropped with uniform density within the indoors/outdoors macro coverage area, subject to a minimum separation to macro and HeNBs.

	Minimum distance between UE and cell
	>= 35 m


Table2. Outdoor Hotzone system assumptions

	Parameters
	Assumptions

	Carrier frequency
	2000 MHz

	System bandwidth
	10MHz

	Pico cluster number per sector
	4

	UE number per cluster
	10

	Path loss model
	See Table3

	Lognormal shadowing
	Log Normal Fading with 6 dB standard deviation

	Antenna gain
	0 dBi 

	Pico BS noise figure
	6 dB

	Maximum Pico TX power
	24dBm 

	Min separation UE to Pico BS
	2 m 

	Radius of UE cluster
	40m

	Minimum distance between pico BS and macro eNB
	70m


Table3. Path loss models for Outdoor Hotzone deployment
	Path Loss (dB)

	UE to macro BS
	PLLOS(R)= 103.4+24.2log10(R) 

PLNLOS(R)= 131.1+42.8log10(R) 

For 2GHz, 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)



	UE to pico BS
	PLLOS(R)=103.8+20.9log10(R)

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

For 2GHz, 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))


[image: image5.png]















_1330931719.vsd
�

……


�

�

……


�

�

……


�

�

……


�

�

……


�

�

……


�

�

……


�

�

……


�

�

MeNB


PeNB


High power


Low power


Frame 4×K


Frame 4×K+1


Frame 4×K+2


Frame 4×K+3



_1330948943.vsd
�

�

Shared�

�

�

�

Control


MeNB


Shared


�

Lower power node


Shared�

�

�

�

Control


Shared


�

Shared�

�

�

�

Control


Blank�

C


…


…


…


…


Subframe n


�

Control


�

�

Control


Subframe n+1


Subframe n+2



