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1. Introduction
About non-CA-based eICIC solutions for macro-pico deployment, the following agreement was reached in RAN1#62 Madrid meeting [1].
· Macro-Pico: 

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8
In this contribution, we evaluate macro/pico throughputs of a macro-pico deployment for several cell bias values for the following two scheduling-restriction scenarios.

· All physical resource blocks available (except for some macro-cell PRBs for ICIC) are fully used for PDSCH transmission for multiple UEs or a single UE in every DL subframe. Each UE can be scheduled on multiple physical resource block groups (PRBGs).
· Each UE scheduled in each DL subframe is given only one PRBG. And some DL subframe can have unused PRBs.
These two scenarios represent fully loaded cells and non-fully loaded cells respectively.

The throughputs are evaluated with a model with a time-domain solution for pico-PDCCH interference mitigation and a Rel’8 ICIC (FFR) for pico-PDSCH interference mitigation.
2. Enhanced ICIC technique for control channel by time domain approach
In our system-level simulation, the time-domain solution [3] [4] shown in Figure 1 and a Rel’8 ICIC were assumed. The use of Rel’8 ICIC (FFR) reduced interference by macro-cell DL signals with pico-cell PDSCH by about 90 %. Macro-cell subframes and pico-cell subframes are time-shifted by up to 3 OFDM symbols. And some PDSCH OFDM symbols of macro cells are muted to decrease interference with pico-cell PDCCHs. The simulation assumptions are shown in Appendix.
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Figure 1: OFDM-symbol-level timing shift plus PDSCH OFDM-symbol muting.
3. Performance analysis
Figure 2 shows UE fraction ratios for 5 cell selection bias values, indicating that more UEs are connected to pico cells for larger cell selection bias value.
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Figure 2: Fraction of macro UEs and pico UEs.
Macro/pico throughputs are evaluated for several cell bias values for the following two scheduling-restriction scenarios.

· Scenario 1: All physical resource blocks available (except for some macro-cell PRBs for ICIC) are fully used for PDSCH transmission for multiple UEs or a single UE in every DL subframe. One UE can be given all the PRBs in a subframe if there’s no other UE to be scheduled on the subframe. Pico cells are always fully loaded. And macro cells are almost fully loaded.
· Scenario 2: Each UE scheduled in each DL subframe is given only one PRBG regardless of the number of UEs to be scheduled. Macro/pico cell schedulers can leave some PRBs unused. In our evaluation, we regard this scenario as a non-full buffer scenario.
3.1. Scenario 1 (Macro/pico cells are fully loaded.)
Each UE is scheduled based in unit of a physical resource block group (PRBG) and can be allocated multiple PRBGs. All the PRBs of pico cells are fully used for PDSCH transmission while some PRBs of macro cells are reserved for FFR to be used for avoidance of interference with pico-cell PDSCH.

Figures 3, 4 and 5 show average-cell/5%-worst-user throughputs of pico cell, macro cell (excl. pico cells) and macro cell area (incl. 4 pico cells) respectively.
Impact of CRE on macro/pico throughputs：
· Pico cell throughput (Figure 3): As cell bias increases, average cell throughput and 5% worst user throughput decrease. When cell selection bias = 0 dB, a small number of UEs are connected to pico cells. These UEs are with relatively high SINR and are enjoying high-rate data reception. For larger cell selection bias, more UE with lower SINR UEs are connected to pico cells.
· Macro cell throughput (Figure 4): As cell bias increases, average cell throughput and 5% worst user throughput increase. For larger cell selection bias, more UE with lower SINR UEs are connected to pico cells, and macro cells serve more high-SINR UEs than low-SINR UEs.
· Macro cell area throughput (Figure 5): 5% worst user throughput is highest at cell bias of 8 dB. As cell bias increases, average cell throughput decreases.

Impact of macro-PDSCH muting on macro/pico throughputs:
· With macro-PDSCH muting, 5%-worst user throughputs of pico cells are improved. The improvement is more achieved for larger cell bias values.
· However, with macro-PDSCH muting, average cell throughput and 5%-worst user throughput of macro cells are degraded.
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(a) Average cell throughput                     (b) 5% worst user throughput

Figure 3: Throughput performance in pico cells.
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(a) Average cell throughput                     (b) 5% worst user throughput

Figure 4: Throughput performance in macro cells (excl. pico cells).
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(a) Macro cell area throughput                   (b) 5% worst user throughput

Figure 5: Throughput performance in macro cell area (including a macro cell and 4 pico cells).
3.2. Scenario 2 (Macro/pico cells can be non-fully loaded.)
Each UE scheduled in a DL subframe is given only one PRBG regardless of the number of UEs to be scheduled in the subframe. Some DL subframes of macro/pico cells can have unused PRBs. And some PRBs in each DL subframe of macro cells are reserved for ICIC (i.e. FFR).
Figures 6, 7 and 8 show average-cell/5%-worst-user throughputs of pico cell, macro cell (excl. pico cells) and macro cell area (incl. 4 pico cells) respectively.

Impact of CRE on macro/pico throughputs：
· Pico cell throughput (Figure 6): As cell bias increases, 5% worst user throughput decreases but average cell throughput increases. Due to the scheduling restriction (i.e. only one PRB per UE) and a small number of UE in pico cells, when cell bias = 0 dB, some PRBs of pico cells are not used. As cell bias is increased, more number of UEs (although they are with low SINR) are connected to pico cells and more number of PRBs of pico cells are utilised. 
· Macro cell throughput (Figure 7): As cell bias increases, average cell throughput increases and reaches its maximum value at a cell bias of 8 dB. As cell bias increases, the number of UEs connected to macro cells decreases. Due to the scheduling restriction (i.e. only one PRB per UE), for larger cell bias, more number of PRBs of macro cells are unused.
· Macro cell area throughput (Figure 8): average cell throughput and 5% worst user throughput each is highest at a cell bias of 8 dB.

Impact of macro-PDSCH muting on macro/pico throughputs:

· With macro-PDSCH muting, 5%-worst user throughputs of pico cells are improved. The improvement is more achieved for larger cell bias values.

· However, with macro-PDSCH muting, average cell throughput and 5%-worst user throughput of macro cells are degraded.
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(a) Average cell throughput                     (b) 5% worst user throughput
Figure 6: Throughput performance in pico cells.
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Figure 7: Throughput performance in macro cells (excl. pico cells).
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(a) Macro cell area throughput                   (b) 5% worst user throughput

Figure 8: Throughput performance in macro cell area (including a macro cell and 4 pico cells).
4. Conclusion
In this contribution, by means of system-level simulation, we evaluate macro/pico throughput of a macro-pico deployment employing a time-domain eICIC solution and a Rel’8 ICIC (FFR), for several cell bias values for the following two scheduling-restriction scenarios.

· All physical resource blocks available (except for some macro-cell PRBs for ICIC) are fully used for PDSCH transmission for multiple UEs or a single UE.

· Each UE scheduled in each DL subframe is given only one PRBG. And some DL subframe can have unused PRBs.
These two scenarios represent fully loaded cells and non-fully loaded cells respectively.
In the first scenario, as cell bias increases, average cell throughput of macro cell areas (incl. both macro and pico　cells) decrease. On the other hand, in the second scenario, as cell bias increases, the average cell throughput increases and reaches its maximum value at a cell bias of 8 dB.  

From the evaluation results shown, it can be concluded that CRE can be beneficial when cells are not fully loaded and the cell bias value is appropriately selected; in the simulation 8 dB is an appropriate one.
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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, 16 dB

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Scheduling algorithm
	Proportional fairness

	Traffic model
	Full buffer
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