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1. Introduction
In RAN#47 meeting, the proposal of a new Work Item on enhanced ICIC for non-CA based deployments of heterogeneous network （HET NW）was approved [1]. The study shall include consideration of Rel’8/9 techniques and ensure backward compatibility for Rel8/9 terminals as well as minimize physical layer air interface impact.
In a HET NW, UEs in a lower-power node cell (such as pico/femto cell) in a macro cell are interfered with by DL signals from the macro cell. The interference can affect control signals more severely than data signals of pico/femto UEs as the data signals could benefit from FFR and/or HARQ. To reduce the interference with the pico/femto control signals, some techniques have been proposed which include muting of macro-cell data resource elements (REs), sparse use of macro-cell control region and OFDM-symbol-level timing shift between macro cell and pico cell. While the data RE muting or the sparse use of control region can reduce the interference, control signal capacity or cell throughput of the macro cell is decreased.

In this contribution, the impact of PDSCH RE muting on macro-cell cell throughput is investigated through system-level simulation.

2. Impact of PDSCH RE muting on macro-cell cell throughput
Figure 1 shows five examples of data-RE muting or sparsely used control region for the mitigation of macro-cell’s interference with pico-cell control channels [2-4], where it is assumed that pico-cell eNodeB (PeNB) and macro-cell eNodeB (MeNB) are time-synchronised. What is common in these examples is that some data/control REs in macro cell are muted so that the interference by macro cell with pico-cell control signals can be reduced. As the muting approaches do not require UE to recognise which data/control REs are muted, backward compatibility can be retained. However, the control-signal region capacity or data throughput of macro cell can be decreased.
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(a) Sparse use of PDCCH region
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(b) PDSCH OFDM-symbol muting              (c) PDSCH RE puncturing
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(d) OFDM-symbol-level timing shift             (e) OFDM-symbol-level timing shift
plus PDSCH OFDM-symbol muting              plus PDSCH RE puncturing
Figure 1: Muting/puncturing of data/control REs of macro cell
The impact of per-OFDM-symbol PDSCH muting on macro-cell cell throughput has been investigated via system-level simulation. The set of simulation parameters is shown in Appendix A. And the simulation assumption is as follows:

· The first N OFDM symbols in PDSCH region are muted, where N={1,2,3}. N is constant from subframe to subframe and the same across all the cells in a simulation. 
· The PDCCH region sizes in both macro cell and pico cell is 3 and time-invariant. 

· 1 PDSCH contains only one transport block composed of one code block.
Figures 2, 3 and 4 show CDF curves of macro-cell user throughput for cell selection bias of 0 dB, 8 dB and 16 dB respectively. In each figure, user throughputs for non-muting, one-symbol muting two-symbol muting and three-symbol muting are compared. Average macro-cell cell throughputs are tabulated in Table 1. It can be said from Table 1 that muting one, two and three OFDM symbols in PDSCH region of macro cell decrease average macro-cell cell throughput by about 11%, 19% and 30% respectively.
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Figure 2: Macro-cell user throughput (Cell selection bias = 0dB)
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Figure 3: Macro-cell user throughput (Cell selection bias = 8dB)
[image: image8.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2000 4000 6000 8000 10000

CDF

User throughput [kbps]

Without muting

1 symbol muting

2 symbols muting

3 symbols muting


Figure 4: Macro-cell user throughput (Cell selection bias = 16dB)
Table 1: Macro-cell cell throughput (with/without muting of PDSCH RE in macro cell)
	Cell selection

bias
	No. of

MUEs
	No. of

PUEs
	Average cell throughput of macro cell [Mbps]

(Gain compared to “without muting” case)

	
	
	
	Without
muting
	1-symbol
muting
	2-symbol

muting
	3-symbol
muting

	0 dB
	372
	258
	20.313
( - )
	17.962

(-11.6%)
	16.414

(-19.2%)
	14.133

(-30.4%)

	4 dB
	290
	340
	21.998
( - )
	19.458

(-11.5%)
	17.815

(-19.0%)
	15.359

(-30.2%)

	8 dB
	223
	407
	22.952
( - )
	20.386

(-11.2%)
	18.697

(-18.5%)
	16.145

(-29.7%)

	12 dB
	160
	470
	23.697
( - )
	21.104

(-10.9%)
	19.386

(-18.2%)
	16.811

(-29.1%)

	16 dB
	117
	513
	23.647
( - )
	20.983

(-11.3%)
	19.332

(-18.2%)
	16.792

(-29.0%)


         MUE: macro-cell UE    PUE: pico-cell UE
Whether the reduction in cell throughput given in the table can be acceptable or not depends on improvement of pico-cell’s control signal performance which the RE muting approach can provide. This will be discussed in our contributions in the next meeting.
3. Conclusion

In this contribution, the impact of per-OFDM-symbol PDSCH RE muting on macro-cell cell throughput has been investigated via system-level simulation.

A finding in the simulation result is that muting one, two and three OFDM symbols in PDSCH region of macro cell decrease average macro-cell throughput by about 11%, 19% and 30% respectively.
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Appendix A: Simulation parameters
Table A1 – Simulation parameters

	Parameter
	Macro cell
	Pico cell

	Cellular layout
	7 sites, 3 cells per site
	4 pico-cells per macro-cell

	Cell radius
	289m
	40m

	Minimum distance between UE and eNB/pico eNB
	35m
	10m

	Distance-dependent path loss
	Model 1
	Model 1

	Shadowing standard deviation
	8 dB
	10 dB

	Shadowing correlation
	0.5
	0.5

	Correlation distance of Shadowing
	50 m

	Penetration loss
	20 dB

	UE moving speed
	3 km/h

	Antenna pattern
	See Table 2.1.1-2 [5]
	A(() = 0 dB (horizontal)

	Channel model
	TU channel model

	Total BS TX power (Ptotal)
	46 dBm
	30 dBm

	Antenna configuration
	2 Tx and 2 Rx antenna ports, uncorrelated

	Antenna gain
	14 dBi
	5 dBi

	UE placement
	Configuration #4b (Total 30 UEs)

	Minimum distance between eNB and pico eNB
	75m

	Minimum distance between pico eNBs
	40m

	Cell selection bias
	0, 4, 8, 12, 16dB

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Scheduling algorithm
	Proportional fairness

	Traffic model
	Full buffer
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