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1. Introduction 

At the RAN#47 meeting, a new work item was agreed upon for enhanced Inter Cell Interference coordination (ICIC) for non–Carrier Aggregation (CA)–based heterogeneous networks. In the work item description, the following two points are described.
· Ensure backward compatibility for Rel. 8/9 terminals

· Minimize impact of physical layer air interface 

This contribution presents our initial consideration on interference coordination for non-CA-based heterogeneous networks.

2. Basic Approaches for Data ICIC

As described in several contributions, e.g., [1-4], data resource partitioning is key to improving the data throughput performance in heterogeneous networks. More specifically, in a network where macro- and pico-cells are overlaid, one possible resource allocation between these cells is to have the pico-cells use all the resources, while the macro-cell mutes or power controls a part of the resources. This partial macro-cell muting effectively increases the user throughput especially at the cell edge. The following sections describe FDM and TDM resource partitioning. 

2.1. FDM

· Rel. 8 Relative Narrowband Tx Power (RNTP) [5] and a High Interference Indicator (HII) [6] can be applied in the downlink and uplink, respectively, for frequency domain RB-level resource partitioning. Thus, new X2 signaling is not necessary. 

· Synchronizing the muted RB location among macro-cells is possible by signaling RNTP and HII among macro-eNBs. 

· Interference from macro(pico)-CRS to pico(macro)-PDSCH still remains after resource partitioning in the downlink. Thus, CRS cancelling may be necessary at the pico(macro)-UE to improve the system throughput.
2.2. TDM

· The Rel. 8/9 specifications do not support the signaling for time domain ICIC. Thus, time domain RNTP or HII must be defined [7]. One important aspect of time domain ICIC is that time domain resource partitioning should ensure synchronous HARQ operation in the uplink, which imposes some restrictions on time domain resource partitioning. 

· Similar to the FDM case, interference from macro(pico)-CRS to pico(macro)-PDSCH still remains after resource partitioning in the downlink. Thus, CRS canceling at the pico(macro)-UE may be necessary. One way to suppress the CRS interference is to configure the MBSFN subframe. In downlink, the MBSFN subframe can be configured to totally blank the PDSCH region (including CRS). Note that the MBSFN subframes can not be configured at 0, 4, 5, 9-th subframes, which imposes some restrictions on time domain resource partitioning.
· Time synchronization between a pico-eNB and a macro-eNB may be possible by receiving a downlink signal from the macro-eNB at the pico-eNB. However, time synchronization between macro-eNBs may not always be possible. In a time-unsynchronized network among macro-cells, synchronizing the muting time among macro-cells might be challenging, which would reduce the gain from range expansion [8].
One important requirement for data ICIC is to minimize the Rel. 8/9 impact especially regarding UE measurement for connectivity. Thus, it is preferred that the CRS be available for all RBs in all subframes. Yet, data muting of the macro-subframes would create significant fluctuations in the interference in the frequency and time domains for the FDM and TDM approaches, respectively. The impact of this situation on the UE measurement should be addressed in further investigation. 

3. Basic Approaches for Control Channel ICIC

This section discusses three basic ICIC schemes [9] for the control channel, (1) almost blank subframes, (2) subframe shifting, and (3) a new control signal.

3.1. Almost Blank Subframe 

Figures 1(a) and 1(b) show examples of the subframe structures for macro- and pico-cells when control channel ICIC between the macro- and pico-cells is implemented through muting resource elements (REs) for the control signal (PCFICH, PDCCH, and PHICH) in some of the macro-subframes. Interference from the macro-cell control signal to the pico-cell control signal in those subframes is completely eliminated if the pico-UE cancels the CRS from the macro-cell.
Backwards compatibility for Rel. 8/9 UE

· Rel. 8/9 UEs suffer from interference from macro-CRSs. However, Rel. 8/9 UEs can still be connected to the pico-cells when they are close enough to the pico-eNB. Note that range expansion cannot be applied to Rel. 8/9 UEs in this case and macro-Rel. 8/9 UEs may interfere with the pico-eNB in the uplink transmission. To overcome this problem, uplink control ICIC may be necessary. 

· Subframes to which the almost blank subframe is applied should be chosen to ensure synchronous HARQ operation in the uplink; otherwise, some of the PHICHs cannot be transmitted. 

In other words, if we allow the PHICH to be transmitted in almost blank subframes, control channel interference from macro- to pico-cells will increase. 

Specification impact

· No RAN1 specification support will be needed for macro-CRS cancelling.

· When combined with FDM data resource partitioning as shown in Fig. 1(b), an inter-subframe scheduling mechanism or a R-PDCCH-like control channel is needed to schedule UEs in the almost blank subframes of the macro-cell. 
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(a) TDM ICIC for data
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(b) FDM ICIC for data

Figure 1 – Frame structure for control channel ICIC with almost blank subframe

3.2. Time Shifting

Figure 2 shows an example of the subframe structures for macro- and pico-cells when control channel ICIC between macro- and pico-cells is implemented through subframe shifting. In this example, the MBSFN subframe is combined with subframe shifting to split the TDM data resources and to eliminate the interference from the macro-cell to the pico-cell in the control region of the pico-subframes. Using this structure, the macro-cell does not interfere with the control region of the pico-subframes that are overlapped with the MBSFN regions of the macro-subframe. However, the control region of the macro-cell still interferes with the data region of the pico-subframe. Thus, interference cancellation may be necessary to improve the data throughput. 

Backwards compatibility for Rel. 8/9 UE

· Control coverage of Rel. 8/9 UE at the pico-cells can also be expanded. On the other hand, the macro signal interferes with the data region of the pico-subframe, and the performance degradation in this case must be investigated.

Specification impact
· No or a slight impact on the RAN1 specifications is expected.
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Figure 2 – Frame structure for control channel ICIC with subframe shifting

(The MBSFN subframe is combined for TDM data resource splitting.)

3.3. New Control Channel

Figure 3 shows an example of the subframe structure for macro- and pico-cells when control channel ICIC between the macro and pico-cells is implemented through the introduction of a new control channel in the data region of the pico-subframes. In Fig. 3, FDM data resource partitioning is combined, in which the new control signal should be located in the REs where macro-cell muting takes place. One advantage of the new control signal is that Rel. 10 UEs connected to the pico-cell can receive a macro-interference-free control channel in all subframes, which increases the scheduling flexibility and the user throughput.

Backwards compatibility for Rel. 8/9 UE
· Rel. 8/9 UEs are not supported by the new control channel. However, Rel. 8/9 UEs close enough to the pico-eNBs can still receive the legacy control channel from the pico-cells. Discussion similar to that in Section 3.1 holds.

Specification impact

· A new control channel must be defined. 
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Figure 3 – Frame structure for control channel ICIC with a new control channel
 in the pico-PDSCH region (FDM data resource partitioning is combined.)

4. Performance Evaluation

This section provides our initial performance evaluation results. As an initial study, we evaluated the throughput performance assuming ideal control signal coverage in both pico- and macro-cells to evaluate the potential gain of interference coordination. Note that during RAN1 #60, we clarified the effectiveness of the combined use of range expansion and interference coordination (resource partitioning), especially for a large number of hot-zone cells [3]. In this contribution, we further investigate the potential of interference coordination by lowering/muting the transmission power in heterogeneous networks.

As illustrated in Fig. 4, the macro-eNB transmits with full power in region 1, but may lower or mute transmission power in region 2. On the other hand, the pico-eNB may mute transmission power in region 1, but transmits with full power in region 2. Note that resource partitioning may be performed in the time domain as shown in Fig. 4. Note that the “resource” in Fig. 4 could be either time or frequency.
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Figure 4 – Interference coordination in heterogeneous networks
4.1. Simulation Parameters

Simulation parameters are based on the assumptions in TR 36.814 as summarized in Table 1.

We compare the DL performance between “macro-cell only,” “macro-cell + pico-cell w/o coordination,” and “macro-cell + pico-cell w/ coordination by lowering/muting the transmission power of macro-eNB in region 2 and/or pico-eNB in region 1.” The ratio of resources in region 1 to the resources in region 2 is set to 1:1. In addition, there are three cell selection options assumed for the heterogeneous network: 1) received power (RP) based, 2) range expansion (RE) with 8 dB bias, and 3) RE with 16 dB bias. Note that 16 dB is the Tx power difference between the macro- and pico-eNB.
Table 1 – Simulation parameters

	Parameter
	Macro
	Pico

	Cellular layout
	19 cell sites, 3 sectors per site
	4 pico-cells 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 [TR 36.814]
	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


4.2. Simulation Results

Figures 5(a), 5(b), 5(c), and 5(d) show the 5% user throughput, overall cell throughput, ratio between macro and pico UE, and CDF of the user throughput, respectively, when the number of pico-eNBs per sector is 4. The notation “Macro (Pico) [R1/R2]” denotes the transmission power in regions 1 and 2 of the macro(pico)cell.  Table 2 summarizes the performance and gives the performance gain over the “macro-cell only” and “macro-cell + pico-cell w/o interference coordination (RP-based)” methods. We can see that compared to “macro only,” “macro + pico w/o coordination (RP-based)” improves the overall cell throughput, but degrades the 5% user throughput.  Lowering or muting the transmission power of the macro-eNB in region 2 improves both the 5% user throughput and overall cell throughput. Furthermore, it is shown that the use of low-level transmission power for the macro-eNB in region 2 may not yield significant gain, thus simply decreasing the transmission power of the macro-eNB to 0 in region 2 maybe sufficient. On the other hand, there is no performance improvement to mute the transmission power of the pico-eNB to 0 in region 1.
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(a) 5% UE throughput
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(b) Overall cell throughput
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Figure 5 – Performance in configuration #1, number of pico-eNBs per sector is 4

Table 2 – Summary of performance in configuration #1: number of pico-eNBs per sector is 4
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RE (8 dB 

bias)

0.64

36.8

(71.2%)

(

-

20.2%)

237

(

-

18.6%)

(16.7%)

RE (16 dB 

bias)

0.20

40.3

(87.4%)

(

-

12.6%)

93

(

-

68.0%)

(

-

54.2%)

RP

-

based

Macro[46/off] 

+ pico[off/30]

0.40

50.6

(135.3%)

(9.8%)

179

(

-

38.5%)

(

-

11.8%)

RE (8 dB 

bias)

0.64

45.0

(109.3%)

(

-

2.4%)

376

(29.2%)

(85.2%)

RE (16 dB 

bias)

Fraction 

of 

pico

UE

Overall cell throughput [Mbps]

(Gain compared to 

“

macro only

”

)

(Gain compared to 

“

macro + 

pico

w/o coordination + RP

-

based

”

)

5% UE throughput [kbps]

(Gain compared to 

“

macro only

”

)

(Gain compared to 

“

macro + 

pico

w/o coordination + RP

-

based

”

)

361

(24.1%)

(77.8%)

319

(9.6%)

(57.1%)

159

(

-

45.4%)

(

-

21.7%)

291

( 

-

)

(43.3%)

RE (16 dB 

bias)

RE (8 dB 

bias)

RP

-

based

0.19

59.8

(178.1%)

(29.7%)

Macro[46/38] 

+ pico[30/30]

0.40

49.6

(130.7%)

(7.6%)

0.63

43.4

(101.9%)

(

-

5.9%)

Macro only

-

21.5

( 

-

)

(

-

53.4%)


We summarize the above discussion hereafter.

· Simply muting the transmission power of macro-eNB in region 2 maybe sufficient.

· It is beneficial to transmit at full power for the pico-eNB in both regions 1 and 2.

The above observation would be applicable for both TDM and FDM data resource partitioning, i.e., macro-eNB mutes the transmission power in a part of the resources in the time and frequency domains.

Performance degradation considering the limitation of control channel coverage must be quantified for further study.

5. Conclusion
This contribution provided initial considerations on interference coordination for non-CA-based deployments of heterogeneous networks. 

· Data ICIC can be implemented by using either the time or frequency domain. Impact on the measurement performance of Rel. 8/9 pico-UEs due to dynamic fluctuation of interference from macro-cells should be considered in further study. Additionally, the interference of macro-CRS to pico-subframes should be taken into account.

· As control ICIC approaches, (1) almost blank subframe, (2) subframe shifting, and (3) new control signal approaches were discussed. Further study will be necessary to assess which approaches are preferable options. 
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