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1. Introduction
At the RAN1 #60bis meeting, several contributions [1-8] were discussed in the first session for the new work item on enhanced inter-cell interference coordination (eICIC) for non-CA (Carrier Aggregation) based heterogeneous networks (HetNet). The goal of the initial study on eICIC is to analyze the feasibility of Rel-8/9 techniques. One important aspect of eICIC is to clarify the necessity and benefits of control channel coordination between macro and low power nodes. It was shown in [8] that the Rel-8 control channel (PDCCH) design works satisfactorily for HetNet with eNBs and for both relays and picocells. 
In earlier contributions [3], [9], we evaluated the throughput performance assuming ideal control signal coverage in both pico- and macrocells to show the potential gain from interference coordination. In this contribution, we focus on the control channel aspects of HetNet and update the downlink performance evaluation results on eICIC by taking the control channel coverage into account.
2. Evaluation Assumptions

2.1. eICIC Technique

As an initial analysis, a simple eICIC approach using almost a blank subframe [10] is evaluated, which achieves TDM-based control and data channel interference coordination. Details of eICIC using almost blank subframes are described in the next section.

2.2. Scenarios

The following three main downlink scenarios are evaluated.
· Macrocells only

· Macro and picocell deployments without eICIC (Fig. 1)

· With and without range expansion (RE)
· Macro and picocell deployments with eICIC (Fig. 2)

· With and without range expansion
Figure 1 shows a downlink frame structure of a straightforward co-channel deployment of macro- and picocells. Both the control and data channels interfere with each other. Figure 2 shows the downlink frame structure of an eICIC scheme using almost blank subframes. In the figure, the macrocell mutes all resource elements except for the CRS (Cell-specific reference signal) in every other subframe (Note that muting every other subframe sustains UL synchronous HARQ operation). In the muted subframes, both data and control channels are free from interference from the macrocell assuming that the interference from the macro-CRS is cancelled at the picocell UE. Note that “Region 2” and “Region 1” in Fig. 2 denote the subframes where the macrocell mutes and does not mute the resource elements, respectively. Thus, the “Region 2”subframe at the picocell is free of interference from the macrocell.
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Figure 1 – Frame structure for heterogeneous networks without eICIC

[image: image2]
Figure 2 – Frame structure for heterogeneous networks with eICIC 

(Almost blank subframes are applied for TDM-based control and data ICIC)


2.3. System Simulation Parameters

Simulation parameters are based on the assumptions in [11] as summarized in Table I. Some important assumptions are given below.

· Resource partitioning

The ratio of the number of “Region 1” subframes to that for “Region 2” subframes is set to 1:1.
· Cell selection criteria

Two cell-selection options are evaluated for the macro- and picocell deployments.
A) Received power (RP) based cell selection

B) Range expansion (RE) based cell selection with the bias of 8 or 16 dB 
Note that 16 dB is the Tx power difference between the macro- and pico-eNB, and thus the 16 dB bias achieves path-loss-based cell selection, which is optimum for UL transmission.

· Control channel modeling

The PDCCH with DCI format 2 with aggregation level 8, and 4 dB PDCCH boosting against the PDSCH are assumed. A 2-by-2 SFBC (Space Frequency Block Coding) is applied. The BLER performance of the PDCCH configuration is obtained in offline simulations, and then input to the system level simulation. For each of the scheduled UEs, the BLER of the PDCCH is evaluated by its wideband SINR, and if the PDCCH is successfully decoded at the UE, the corresponding PDSCH is decoded.

· CQI measurement

It is assumed that the pico-eNB knows the CQI of both the “Region 1” and “Region 2” subframes.

· Interference from macro-CRS

It is assumed that pico-UEs cancel interference from the macro-CRS in both the control and data regions.

· Time synchrony

It is assumed that macrocells are time synchronized to picocells, and that macrocells are time synchronized with other macrocells.
Table 1.  Simulation Parameters

	Parameter
	Macrocell
	Picocell

	Cellular layout
	19 cell sites, 3 sectors per site
	4 picocells per sector

	Cell radius
	289 m
	40 m

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

	Distance-dependent path loss
	128.1 + 37.6log10(R) dB, R in km
	140.7 + 36.7log10(R) dB, R in km

	Shadowing standard deviation
	8 dB
	10 dB

	Shadowing correlation
	0.5 (between cells),
1 (between sectors)
	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 [11]
	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)

See Tables A.2.1.1.2-4 [TR 36.814]

	Minimum distance between eNB and pico eNB
	75 m

	Minimum distance between pico eNBs
	40 m

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Scheduling algorithm
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining

	HARQ round trip delay
	8 ms

	Traffic model
	Full buffer

	PDCCH configuration
	DCI format 2 with aggregation level 8, 4 dB boosting


3. Evaluation Results

3.1. Data Performance

Figures 3(a), 3(b), 3(c), and 3(d) show the overall average cell throughput, 5% user throughput, ratio of the number of macro-UEs to that for pico-UEs, and CDF of the user throughput, respectively. Table II summarizes the performance and gives the performance gain compared with the “macro-only” and “macro + pico without eICIC and RE” cases. The main observations are given hereafter.
· Compared to the “macro-only” case, “macro + pico without eICIC and RE” improves the overall average cell throughput by 103%, but degrades the 5% user throughput by 32%.

· On the other hand, “macro + pico with eICIC and RE (16 dB bias)” improves the overall cell throughput and 5% user throughput by 134% and 51%, respectively.

· The gain of cell edge throughput with eICIC compared with that without eICIC is 124%.
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(a) Overall cell throughput

(Cell selection based on range expansion (RE) or received power (RP))
[image: image4.wmf]0

100

200

300

400

500

600

5% UE throughput [kbps]

RP

-

based

RP

-

based

RE (16dB bias)

RE (8dB bias)

Macro only

RE (16dB bias)

RE (8dB bias)

Macro + 

pico

w/o 

eICIC

Macro + 

pico

w/ 

eICIC

0

100

200

300

400

500

600

5% UE throughput [kbps]

RP

-

based

RP

-

based

RE (16dB bias)

RE (8dB bias)

Macro only

RE (16dB bias)

RE (8dB bias)

Macro + 

pico

w/o 

eICIC

Macro + 

pico

w/ 

eICIC


(b) 5% UE throughput

(Cell selection based on range expansion (RE) or received power (RP))
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(c) Fraction of UE

(Cell selection based on range expansion (RE) or received power (RP))
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(d) UE throughput CDF

(Cell selection based on range expansion (RE) or received power (RP))
Figure 3 – Performance of HetNet with macro- and pico-cells considering control channel coverage limitation (4 pico nodes per macro-cell, configuration 1)
Table 2 – Summary of performance (4 pico nodes per macro-cell, configuration 1)
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3.2. Control Coverage

Figure 4 shows the CDF of the control channel (CCH) wideband SINR of a scheduled UE. Note that we focus on the CCH SINR of only pico-UEs in heterogeneous network deployments. The following observations can be made. 

· If range expansion is not performed, the CCH SINR may still be at an acceptable level even without eICIC (Red curve).

· However, if range expansion is applied, the CCH SINR is significantly degraded due to interference from macrocells to range expanded UEs in picocells (Orange curve).

· Then, if eICIC is applied with range expansion, the CCH SINR performance is improved, but some of the pico-UEs still experience low CCH geometry (Light blue curve). To observe in more detail, we further differentiate the CCH SINR of the range expanded pico-UEs (Dark green curve) and non-range expanded pico-UEs (Light green curve). We expect that the above-mentioned low CCH geometry is because of the ranged expanded UEs that are scheduled in the “Region 1” subframes of the picocell, which receives interference from the macrocells. This degradation may be mitigated by introducing a scheduling restriction to the “Region 1” subframes.
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Figure 4 – Scheduled UE CCH wideband SINR CDF

(Cell selection based on range expansion (RE) or received power (RP))

4. Summary

This contribution investigated the performance of eICIC for non-CA-based deployments in heterogeneous networks by taking the control coverage limitation into account. A summary of our investigation is given below.

· If range expansion is not applied, macro- and picocell deployments may work without eICIC with acceptable control channel performance. However, cell edge throughput degradation is expected.

· If range expansion is applied, the control channel coverage in picocells is significantly degraded, and then eICIC can be considered.

· With eICIC using almost blank subframes with ideal macro-CRS cancelling, the control channel coverage is improved and a throughput gain is observed both in the cell average and cell edge throughput. Although some pico-UEs still experience low control channel geometry, this may be improved by introducing some scheduling restrictions on ranged expanded UEs on the pico subframes (“Region 1” in Fig. 2) that receive interference from macrocells.

· It should be pointed out that further performance evaluations are necessary considering the following aspects to clarify the benefit of eICIC and range expansion. 

· Performance degradation due to non-time-synchronization among macrocells

· Performance degradation due to imperfect macro-CRS cancellation at pico-UEs
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