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1 Introduction 

A Work Item for further enhanced non-CA based ICIC was approved in RAN#51 ‎[1].  The detailed objectives are as follows: 

· Finalizing the leftover work on top of the time domain ICIC from Rel-10 on inter-freq/RAT TDM restricted RRM 
· Based on system performance gains, RAN1 to first identify the scenarios for which UE performance requirements in the following two bullets will be specified  in terms of, e.g., number of interferers and their relative levels with respect to the serving cell,

· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing
As a second priority, study the following aspects:
· Data channel ICIC enhancements, e.g., FDM/TDM coordination and enhanced signalling for resource allocation; or supporting the application of single-carrier time domain ICIC mechanism on the frequency of SCell in Carrier Aggregation setting

· Higher layer enhancements, e.g., for idle mode operation, power saving and mobility enhancements (RAN1, RAN2, RAN3, RAN4)

· Uplink enhancements e.g. uplink interference mitigation for Macro-Pico and Macro-Femto
· Identify interference scenarios stemming from different UL/DL configurations or muted UL subframe configuration in TDD and corresponding  air interface change and CSI reporting requirements

· Dominant interference impacting on legacy UEs (Release 8/9/10)
In RAN#51, it was agreed to first identify the deployment scenarios for any further enhancement for non-CA based eICIC.   
This paper provides a systematic analysis of the impacts of Cell Range Expansion (CRE) and ABS density in relevant deployment scenarios, and identifies open issues in eICIC enhancement.  
2 Further Study of Cell Range Expansion with ABS

In Rel-10, the performance results of macro-pico deployment with cell range expansion had shown that cell range expansion provides system performance gain. Most of the simulations focused on PDSCH performance without modeling the PDCCH detection error, which is the issue in the cell range expansion. Time domain solution with ABS subframes was identified and specified in Rel-10 as the solution for DL control detection as well as RLM, RRM and CSI. It is essential to further evaluate the system performance of macro-pico deployment scenario with time domain solution incorporated in the simulation.  
We further evaluate the macro-pico range expansion deployment scenario with ABS subframes as shown in Figure 1.  The scheduler follows a proportional fair strategy and hence, preferably schedules pico cell border mobiles during those subframes which the macro cell configures as ABS subframes. For the macro cell, we assume here that no UEs are scheduled at ABS subframes. The cell border areas are those with bias setting to expand the coverage of pico cell as shown in brown in Figure 1. The signal strength and bias setting of macro-pico CRE deployment scenario is illustrated in Figure 2.
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Figure 1: Illustration of pico cell scheduling strategy with macro cell configured ABS subframes
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Figure 2: Illustration of macro and pico cells received signal strengths and range expansion.
Simulation results of hotspot traffic distribution (scenario 4b) are shown in Figure 3 and Figure 4. Detailed simulation parameters are listed in the Annex.
In Figure 3, 2 ABS subframes are configured every 10 ms at the macro cell in the hotspot scenarios, where dense users are distributed around the pico cells, with CRE bias set at 15 dB. Note that the reference points for the non ABS case are with bias set at 0 dB. The resulting high spectral efficiency in the pico cells can be seen to improve the overall spectral efficiency.  The performance improvement in the macro cell border throughput is attributed to the cell range expansion, by allowing more UEs to be served by pico cells.  As expected, the average spectral efficiency is reduced at the macro cells due to the ABS subframes.  The cell edge throughput at the pico cells degrades due to large cell range expansion, with more cell edge UEs competing for radio resources.
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Figure 3: Spectral efficiency with 15 dB bias in hotspot scenarios with 2 ABS subframes in 10 ms configuration compared to no ABS.
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Figure 4: Spectral efficiency with 0,6, 15 dB bias in hotspot scenarios with 2 (transparent dot), 3, 4, and 5 ABS subframes in 10 ms configuration compared to no ABS.
Figure 4 shows spectral efficiency with 3 different bias configurations at 0, 6, and 15 dB.  Each curve contains 4 different points representing the number of ABS subframes configured at the macro cell within a 10 ms interval.  The results indicate that the macro cell edge throughput improves as the bias setting increases.  However, the pico cell edge throughput degrades as the bias increases due to more cell edge UEs competing for radio resources.  From Figure 4, we observe that increasing the number of ABSs configured at the macro cells increases pico cell throughput and degrades the macro throughput.  However, the overall throughput improves with the bias value, up to 15dB.  
In Figure 5, we show the spectral efficiency for the hotspot scenario (scenario 4b) in comparison with the uniform traffic distribution scenario (scenario 1) for 15 dB bias.   
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Figure 5: Spectral efficiency for hotspot scenario 4b (top) and uniform scenario 1 (bottom) with 15 dB bias and 2 (transparent dot), 3, 4, and 5 ABS subframes in 10 ms.
Significantly lower overall gain is observed in the case of uniform user distribution compared to strong hotspot user distribution.  Uniform user distribution would get less benefit from macro cell ABS configuration.   The large bias setting with uniform user distribution receives less benefit in system performance due to the low number of UEs being incorporated to the pico cells compared to the hotspot scenario.  
3 Discussion
From the systematic analysis presented in section ‎2, we can draw the following observations:

· Overall system performance is strongly dependent on the level of small cell association bias. 
· High gains are observed from the use of ABSs in the strong hotspot scenario (3GPP scenario 4b) with high bias values, up to 15dB (where the high bias value helps the small cell to cover the whole hotspot).
· Low / no ABS gains are seen for uniform user distribution (scenario 1).
In other evaluations, we have not observed further benefits from biases larger than 15dB in scenario 4b.

The further studies in RAN1/4 relating to UE performance requirements and signalling should therefore focus on the levels of bias that have been shown to be useful, and the corresponding scenarios. 

Given that the Rel-10 time domain solution with ABS resource partitioning gives good protection to the control channels in the presence of high-bias CRE, the next step is to consider the need for new detection/reception performance requirements for other signals/channels such as PSS/SSS/CRS/PBCH down to -15dB.    
For example, the UE’s cell search and synchronization capabilities need to be addressed, since, in order to support cell range expansion (CRE) biases in the range 6-15dB, the UE needs to be capable of performing cell search for pico cells throughout the range-expansion region.  Thus, the UE needs to be able to at least detect and synchronize to cells at -6 to -15 dB.  This is a generic problem when large CRE is configured in macro-pico deployment scenarios.  In order to support large bias CRE, the UE’s cell search capability needs to be enhanced.   

It should also be noted that the performance requirements and UE interference handling will have a dependency on whether the network is fully synchronized or not, and this should be taken into account in the future evaluations.  
4 Conclusions
We have presented a systematic analysis of the impacts of Cell Range Expansion and ABS density in relevant deployment scenarios. The key observations are as follows:
Observation 1: High gains are observed from the use of CRE with ABSs in the strong hotspot scenario (3GPP scenario 4b) with high bias values, up to 15dB.

Observation 2: Low / no ABS gains are seen for uniform user distribution (scenario 1).

Further work on UE performance requirements / signalling should therefore focus on scenarios with CRE with large bias up to 15dB, in particular in the hotspot user distribution scenario 4b.  
In particular, UE cell search capability needs to be enhanced, and performance requirements for detection/reception of PSS/SSS/CRS/PBCH down to -15dB should be examined. 
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ANNEX: Simulation assumptions
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Inter Site Distance

500m

Feedback Type

PUSCH Feedback

Feedback Period

5 ms

Feedback Delay

6 ms

Number of Mobiles

1710 (Hotspot), 1425 (Uniform User Distribution)

Velocity

3 km/h

Mobile Antenna Gain

0 dBi

Mobile Height

1.5 m

Mobile Antenna Pattern

Omnidirectional

Mobile Polarization

V-Pol

Mobile Number of Antenna Elements

2

Mobile Antenna Element Spacing

1/2 lambda

Mobile Rx Noise Figure

9 dB

Handover Margin

1 dB

Target BLER

5%

HARQ Delay

8 ms

Max Number of Retransmissions

3

MCS Adaptation Type

realistic

Feedback Calculation based on

Pilots

Consider PDCCH

true

PDCCH Target BLER

1%

Carrier Frequency

2GHz

Bandwidth

10 MHz

Size of Feedback Subband

6 PRBs

Number of PDCCH OFDM Symbols per Subframe

3

Transmission Mode

Closed Loop

Placing Strategy

Uniform (1), medium Hotspot (4a), Hotspot (4b)

Number of Picos per Macro

2

Bias

0dB, 6dB, 15dB

Single / Multiple Carrier

Single Carrier

Use Almost Blank Subframes

true / false

Almost Blank Subframe Period

10 ms

Number of Almost Blank Subframes per ABS period

2, 3, 4, 5

Pico Antenna Type

Omni Directional

Pico Antenna Gain

5 dBi

Pico Antenna Height

5m

Pico Antenna Polarization

V-Pol

Number of Pico Antenna Elements

4

Pico Antenna Element Spacing

1/2 lambda

Pico TX Power

30 dBm

Pico Scheduler Type

Frequency Selective Proportional Fair

Number of Sectors per Macro Site

3

Macro Inter Site Distance

500m

Macro Antenna Type 

Directional 3D

Macro Antenna Height

32m

Macro Antenna Gain

14 dBi

Macro Horizontal Half Power Beamwidth

70 deg

Macro Horizontal Backward Attenuation

25 dB

Macro Vertical Antenna Half Power Beam Width

10 deg

Macro Vertical Backward Attenuation

20 dB

Macro Antenna Downtilt

15 deg

Macro Antenna Polarization

V-Pol

Macro Number of Antenna Elements

2

Macro Antenna Element Spacing

1/2 lambda

Macro TX Power

46 dBm

Macro Scheduler Type

Frequency Selective Proportional Fair

Channel Model 

Model 1 (SCME, NLOS only)







































































































































































