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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 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 this contribution, downlink control channel performances in Macro-Pico deployment scenarios with cell-selection bias are presented and some potential eICIC schemes for control channels are discussed.
2. Control channel performance
We focus on the downlink performance of Macro-Pico deployment. Figures 1 and 2 show SINR distributions of Pico-UE (PUE) and Macro-UE (MUE) using RSRP-based cell selection with 6 cell-selection bias values for 4 Pico-cells/MeNB and 10 Pico-cells/MeNB, respectively. The UE placement is according to Configuration #1 [2]. Performances for Configuration #4a are shown in Appendix B. The simulation assumption is summarized in Appendix A. With increasing RE bias values, more Pico UEs (PUEs) have SINR degradation. On the other hand, the interference to Macro UE (MUE) from Pico eNBs are not so serious especially for large cell-selection bias values.
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(a) Performance of PUEs                        (b) Performance of MUEs

Figure 1: SINR distribution, 4 Pico-cells/MeNB, Configuration 1
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(a) Performance of PUEs                        (b) Performance of MUEs

Figure 2: SINR distribution, 10 Pico-cells/MeNB, Configuration 1
Figure 3 shows SINR distributions of PUEs with cell-selection bias of 8dB. The control region size is 3 OFDM symbols. And the total transmission power of the control region including cell-specific RS is varied from 25 % to 100 %. For a 10MHz system bandwidth, 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%.
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(a) 4 Pico-cells/MeNB                        (b) 10 Pico-cells/MeNB
Figure 3: SINR distribution of PUEs, Cell-selection bias of 8dB, Configuration 1
The outage performance of PBCH, PDSCH carrying system information blocks (SIBs), PCFICH, PHICH and PDCCH are evaluated for various cell-selection bias values by using a similar evaluation methodology to that given in [3]. The SINR thresholds for 1% BLER on these control channels are -8.5dB, -5dB, -7dB, -3.2dB and -3.8dB, respectively. The outage performances of PUE and MUE for 4 Pico-cells/MeNB and 10 Pico-cells/MeNB scenarios are shown in Figures 4 and 5, respectively. These figures show that the use of large cell-selection bias value will seriously degrade the outage performance of PUE, implying that some enhanced interference control techniques will be needed for secured transmission of control signals for  PUEs. The outage ratio of MUE is affected little by the cell-selection bias value.
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(a) Outage of PUE channels                      (b) Outage of MUE channels
Figure 4: Outage performance of control channels, 4 Pico-cells/MeNB, Configuration 1
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(a) Outage of PUE channels                      (b) Outage of MUE channels
Figure 5: Outage performance of control channels, 10 Pico-cells/MeNB, Configuration 1
3. Enhanced ICIC techniques for control channel
3.1. Time domain approaches
Figure 6 shows several examples of time-domain approaches to the mitigation of macro-cell’s interference with pico-cell control channels. It is assumed PeNBs and MeNBs 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. Increasing sparseness of PDCCH in the control region [4] can mitigate interference without symbol-level time shifting. The sparseness of PDCCH can be increased by increasing the number of OFDM symbols for the control region and limiting the usage ratio of PDCCH in the control region (Figure 6(a)). However, decreasing the PDCCH usage ratio will decrease the effective control-region size and increase scheduling complexity (or decrease scheduling flexibility).  One solution to the interference mitigation while keeping the PDCCH scheduling flexibility as largest as possible is, as shown in Figures 6 (c) and (e), to adaptively puncture macro PDSCH REs in every DL subframe according to the amount of PDCCHs needed to be transmitted in the subframe, the size of control region in the subframe and the required power reduction of macro-cell control region signals interfering with pico-cell control region. When more PDCCHs need to be transmitted in a subframe, more macro PDSCH RE overlapped with pico-cell control region may be punctured.
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(a) Usage ratio limitation in control region                 (b) Data symbol muting
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(c) Data symbol puncturing
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(d) Symbol-level time shift                          (e) Symbol-level time shift
with data symbol muting                            with data symbol puncturing
Figure 6: Interference control techniques for PDCCH region

It is noted that the number of symbols for the symbol-level time shifting can also be effectively controlled to provide a trade-off between the scheduling limitation and the PDSCH performance loss.

Each solution does not break any backward compatibility and has no impact on the RAN1 specifications. Performance impact on MUEs due to the PDSCH RE muting/puncturing should be further investigated.
3.2. Frequency domain approaches
Some frequency domain approaches has been proposed such as a control channel shrinking in frequency domain [7] and frequency reuse techniques [8]. The control channel shrinking technique may require careful consideration on loss of spectrum utilization for Rel.8/9 UEs whose PDSCH transmission is limited within the PDCCH bandwidth. On the other hand, extension carrier concept should be specified to allocate wider PDSCH bandwidth for Rel.10 UEs. For the frequency reuse techniques, it would be necessary to evaluate the PDCCH performance loss of Rel.8/9 UEs caused by their muted PDCCH REs.
3.3. Robustness improvement techniques in victim cells
PDCCH power boosting and use of higher CCE aggregation level in victim pico-cells can effectively improve robustness of PDCCH transmission against interference from macro cell. These techniques can be combined with other eICIC schemes described above and can be still effective even in a case where there is no time synchronization between PeNBs and MeNBs.
3.4. Discussion
From the above consideration, in order to ensure backward compatibility for Rel8/9 UEs and to minimize the control channel performance degradation, time domain approaches in combination with the PDCCH power boosting and the use of large CCE aggregation level in victim pico-cells is worth further consideration.

4. Conclusion

Downlink control channel performances in Macro-Pico deployment scenarios with cell-selection bias are presented and some potential eICIC schemes for control channels are discussed. The following conclusions can be drawn.
· The use of large cell-selection bias value will seriously degrade the outage performance of PUE and this implies that some enhanced interference control techniques will be needed.
· To ensure backward compatibility for Rel8/9 UEs and to minimize the degradation in the control channel performance, time domain approaches in combination with PDCCH interference-robustness improvement techniques in victim pico-cells is worth further consideration.
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Appendix A: Simulation parameters
Table A1 – Simulation parameters

	Parameter
	Macro
	Pico

	Cellular layout
	19 cell sites, 3 sectors per site
	4 / 10 pico-cells per macro-cell

	Cell radius
	289m
	40m

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

	Distance-dependent path loss
	Model 2
	Model 2

	Shadowing standard deviation
	8 dB
	10 dB

	Shadowing correlation
	0.5
	0.5

	Correlation distance of Shadowing
	50 m

	Penetration loss
	20 dB

	Moving speed
	3 km/h

	Antenna pattern
	See Table 2.1.1-2 [2]
	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 #1 (Total 25 UEs), #4a

	Minimum distance between eNB and pico eNB
	75m

	Minimum distance between pico eNBs
	40m

	Cell selection bias
	0, 4, 8, 12, 16, 20dB

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Scheduling algorithm
	Proportional fairness

	Traffic model
	Full buffer


Appendix B: Simulation results for Configuration 4a
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(a) Performance of PUEs                        (b) Performance of MUEs

Figure B1: SINR distribution, 4 Pico-cells/MeNB, Configuration 4a
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(a) Performance of PUEs                        (b) Performance of MUEs

Figure B2: SINR distribution, 10 Pico-cells/MeNB, Configuration 4a
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