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1 Introduction

In the email discussion on “Way Forwards on eICIC” after RAN1 #61 meeting, it has been shown that in macro-pico deployment without any Range Expansion (RE), there is no problem for downlink control channel and Rel-8/9 ICIC methods can be reused for data channel. However, for macro-pico deployment with large bias range expansion scenario, the downlink SINR performance for pico-eNB degrades significantly and enhanced ICIC schemes are therefore required.
Muting schemes can be used to improve the cell edge performance for pico-eNB UEs (PUE) [1][2], which however results in reduction of spectral efficiency. In this contribution, instead of muting the macro-eNB (MeNB) in coordinate subframes [1][2], we propose to reduce the transmit power of MeNB and only schedule the cell-center macro-eNB UEs (MUE) that suffer less interference from pico-eNB (PeNB) in coordinate subframes. This will help to reduce the interference to pico-cells. Furthermore, control channel may benefit from the Power Reduction (PR) scheme too, when resource segment schemes are implemented to avoid the interference of control channel from different cell layers.
2 PR-based ICIC scheme for the macro-pico downlink
In Table 1, we compare the simulation results of macro-pico co-channel deployment in Het-Net with and without the employment of RE. It is shown that the downlink cell-edge UEs’ SINR performance in the context of the entire Het-Net degrades dramatically due to the large RE bias. Therefore, it makes sense that some enhanced ICIC method should be applied.

Table 1: The SINR performance of cell-edge (5%-tile) UEs in HetNet downlink with large RE bias of 20 dB.
	SINR (dB)
	without RE
	with RE

	Het-Net UEs
	-1.59
	-18.52

	PUEs
	-2.44
	-19.59

	MUEs
	-0.82
	-1.41


In the TDM scheme, the MeNB will be muted in coordinate subframes [1][2]. One disadvantage of the muting method is that it may lead to throughput degradation, and can not maintain the backward compatibility for Rel8/9 UEs in TDD networks [3]. Instead of being muted in the coordinate subframes, instead, the MeNB can reduce the transmit power and only schedule the cell-center MUEs that are not sensitive to PR, thus improving the system’s overall spectrum efficiency, while the inference level to the PeNB can also be effectively reduced. This case is shown in Fig. 1. The PR value can be obtained through simulations. In the sequel, simulation results are provided for evaluating control channel SINR performance with PR and RE.
Proposal 1: For downlink data channel, MeNB schedules the cell-center MUEs with power reduction applied in coordinate subframes.
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Fig. 1: Downlink ICIC scheme with PR.
Downlink control channel could also benefit from the proposed design when the time shifting scheme for control channel is implemented [2][3]. Alternatively, frequency shifting can also be used. As shown in Fig. 2, as an example, time shifting ensures that interference from MeNB control channel on PeNB control channel is avoided. Furthermore, interference from MeNB data channel to PeNB control channel can also be reduced by PR at coordinate subframes.
By using time/frequency shifting schemes, in most cases interference between control elements is replaced by interference between control and data elements, which is typically lower than the former. Furthermore, the SINR performance of PeNB can also be improved, benefiting from PR in coordinate subframes at MeNB.
Proposal 2: Based on Proposal 1, the power of control channel and CRS is maintained as in Rel-8/9, while the control channel and CRS of PeNB can be shifted in time-domain and/or in frequency-domain to avoid interference from control channels of MeNB and to reduce interference from data channels of MeNB in coordinate subframes.
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Fig. 2: Benefit for control channel with power reduction combined with time or frequency shifting techniques (assuming time-shifting as an example).
3 Simulation results
In coordinate subframes of this simulation, an X dB PR should be applied on the MeNB in order to reduce interference to the victim PeNB. In this section, we provide the SINR performance measured in coordinate subframes. The parameters and assumptions used in the simulations [4] are summarized in the annex.

The SINR performances of PUEs and MUEs are plotted in Fig. 3 and Fig. 4, where the RE bias was set to 10 dB and 20 dB, respectively. According to the results, the SINR performance was improved when PR was enabled in the MeNB. The more PR was set, the better PeNB SINR performance was achieved. Moreover, the SINR performance of MUEs degraded only a little, since the MUEs with worse geometry had been served by the PeNB, thanks to the large bias used.
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Fig. 3: SINR geometry with RE bias value set to 10 dB.
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Fig. 4: SINR geometry with RE bias value set to 20 dB.
In Table 2 and Table 3, we provide the 5%-tile cell-edge performance with bias set to 20 dB and 10 dB, respectively. Assuming that the SINR requirement for downlink control channel is -2 dB, it can be seen from Table 1 that a PR value of about 18 dB is sufficient to achieve the SINR target for both MUE and PUE when the bias is set to 20 dB. On the other hand, a PR value of about 9 dB is sufficient for the bias value of 10 dB.
Table 2: Macro-pico cell-edge SINR performance with PR and RE (Bias = 20 dB).
	5%-tile Cell-edge Geometry (dB), Bias = 20 dB

	PR (dB)
	0
	3
	6
	9
	12
	15
	18

	Het-Net UEs
	-18.52
	-15.47
	-12.64
	-9.63
	-6.93
	-4.45
	-2.13

	PUEs
	-19.59
	-16.49
	-13.60
	-10.60
	-7.71
	-5.05
	-2.09

	MUEs
	-1.41
	-1.59
	-0.76
	-1.45
	-1.70
	-1.38
	-2.18


Table 3: Macro-pico cell-edge SINR performance with PR and RE (Bias = 10 dB).
	5%-tile Cell-edge Geometry (dB), Bias = 10 dB

	PR (dB)
	0
	3
	6
	9
	12
	15
	18

	Het-Net UEs
	-9.81
	-6.86
	-3.57
	-2.09
	-0.66
	-0.15
	-0.38

	PUEs
	-10.98
	-7.72
	-4.70
	-2.64
	-0.26
	1.76
	2.63

	MUEs
	-1.01
	-1.40
	-0.60
	-1.11
	-1.23
	-1.12
	-1.71


4 Conclusion
This contribution shows hybrid resource partitioning eICIC schemes for downlink data channels in macro-pico co-channel deployment. Control channel may also benefit from the combination of the time-shifting and hybrid resource partitioning schemes. The backward compatibility for R8/9 UEs can be maintained. Our proposals are summarized below:
Proposal 1: For downlink data channel, MeNB schedules the cell-center MUEs with power reduction applied in coordinate subframes.
Proposal 2: Based on Proposal 1, the power of control channel and CRS is maintained as in Rel-8/9, while the control channel and CRS of PeNB can be shifted in time-domain and/or in frequency-domain to avoid interference from control channels of MeNB and to reduce interference from data channels of MeNB in coordinate subframes.
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Annex: System simulation assumptions
The simulation parameters used in our investigation are summarized in Table 4 and Table 5 for macro-cell and pico-cell, respectively.
Table 3: System assumptions for macro-cell [4].

	Parameter
	Configuration

	Cellular layout
	Hexagonal grid, 3 sectors per site, reuse factor of 1

	System bandwidth
	10 MHz

	Inter-site distance
	500 m

	Number of sites
	19 sites (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 (indoor UEs assumed)
	20 dB

	Path loss model
	PLLOS(R)= 103.4+24.2log10(R)

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

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
R in km

	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) (for simplicity, Maximum Power Reduction (MPR) versus modulation scheme is not modelled)

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

	Antenna bore-sight points toward the flat side of cell (for 3-sector sites with fixed antenna patterns)
	
[image: image5]

	Minimum distance between UE and cell
	35 m

	Number of UEs uniformly distributed in macro-cell
	20


Table 4: System assumptions for pico-cell [4].

	Parameter
	Configuration

	Carrier frequency
	2000 MHz

	System bandwidth
	10 MHz

	Path loss model
	PLLOS(R)=103.8+20.9log10(R)

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

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))
R in km

	Lognormal shadowing standard deviation
	6 dB

	Antenna gain
	5 dBi

	Noise figure
	6 dB

	Maximum Pico Tx power
	24 dBm

	Minimum separation from UE to PeNB
	10 m

	Cell radius
	40 m

	Minimum distance between pico and macro cells
	75 m

	Minimum distance between Pico-cells
	40 m

	Number of UE clusters, K
	4

	Number of UEs in each cluster, Nh
	10
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