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1 Introduction
In the last RAN4 meeting, WF [1] for scenarios and interference models for control IM was agreed, but still many options are existed. In this contribution, we provide our views for performance evaluation and initial simulation results for control IM under some specific scenarios.
2 Discussion
2.1 Scenarios and interference models for performance evaluation 

In last meeting, RAN4 had some agreements as follows:

· PDCCH/PCFICH has higher priority than PHICH.
· Use interference profiles for Homogeneous deployments.
· Two interference cells are explicitly modeled.

· INR methodology is used as interference modeling for defining performance requirements.
· Consider both colliding and non-colliding CRS scenarios
· Consider 2 Tx scenarios with 2 CRS APs. 
· 4 Tx deployment scenarios are not precluded at the moment
Based on above agreements, 

Network synchronization

Since LMMSE-IRC receiver was agreed for EPDCCH performance requirement and PDSCH performance requirement for asynchronous network was already defined in Rel-11 advanced receiver (LMMSE-IRC) WI, RAN4 does not need to focus only synchronous network scenario and Rel-11 asynchronous network model can be reused for control channel performance requirement. 
Number of transmit antennas

Last meeting agreement was that 2 Tx scenarios with 2 CRS APs is considered and 4 Tx deployment scenarios are not precluded at the moment. If 4Tx deployment scenarios are considered for control IM performance requirement, RAN4 needs to investigate 4Tx CRS-IC performance before deciding reference receiver for control channel IM. 

Control region for serving and interference cell

For PDCCH/PCFICH/PHICH, RAN4 should consider unaligned control regions between serving and interference cells. Considering different CFI between serving and interference cell, control channel performance is differ depending on receiver types since control region symbols except the 1st symbol of UE experience various interference channel statistic according to control region of interference cell. 
Interference model for PDCCH
To evaluate performance for candidate receivers, RAN4 need to consider various interference conditions. So, partial PDCCH interference loading and power boosting should be considered with high, medium, and low INR condition. 
2.2 Initial simulation results
In this section, initial simulation results are described under following scenarios:

· Colliding CRS (Cell ID : [0 6 1])

· Receiver : MRC(baseline), MMSE-IRC+2cell CRS-IC, E-LMMSE-IRC+2cell CRS-IC

· Channel : EVA70

CFI [Serving interference] = [1 1 1], 2CCE, no power boosting, 100% PDCCH interference loading 
	High INR
	Medium INR
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For the same CFI=1 both serving and interference cells, 
· Observation 1: In high INR condition, performance improvement of E-LMMSE-IRC receiver is over 3dB in comparison LMMSE-IRC receiver for all control channels.
· Observation 2: In medium INR condition, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is about 1~1.5dB for all control channels.
· Observation 3: Depending on INR condition, the gain of E-LMMSE-IRC receiver has large fluctuation.
CFI [Serving interference] = [1 1 1], 2CCE, no power boosting, 50% PDCCH interference loading 
	High INR
	Medium INR
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For 50% interfering PDCCH loading, 

· Observation 4: The performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is about 2.2~2.5dB in high INR condition and 0.6~1.2dB in medium INR condition for all control channels.

· Observation 5: Comparing zero power boosting, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is decreased about 1dB in high INR condition.

CFI [Serving interference] = [3 1 1], 2CCE, no power boosting, 100% PDCCH interference loading 
	High INR
	Medium INR
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For unaligned CFI between serving and interference cells (CFI = [3 1 1])

· Observation 6: In high INR condition, PDCCH performance of E-LMMSE-IRC receiver has 0.5dB gain in comparison with LMMSE-IRC receiver since only the 1st symbol of PDCCH is applied by E-LMMSE-IRC and LMMSE-IRC is used for the 2nd / 3rd symbols. 

· Observation 7: In medium INR condition, the performance of LMMSE-IRC and E-LMMSE-IRC receivers is similar.

CFI [Serving interference] = [3 1 1], 2CCE, 3dB power boosting, 100% PDCCH interference loading 
	High INR
	Medium INR
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For 3dB power boosting of interfering channel,
· Observation 8: For PCFICH and PHIC performance, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is reduced about 0.6~1dB in comparison the performance gap with zero power boosting of interfering control channel.

3 Conclusion 
In this contribution, we provide our view on some evaluation scenarios and initial simulation results for control IM under some specific scenarios.
Based on initial simulation results, we observe 

CFI [Serving interference] = [1 1 1], 2CCE, no power boosting, 100% PDCCH interference loading
· Observation 1: In high INR condition, performance improvement of E-LMMSE-IRC receiver is over 3dB in comparison LMMSE-IRC receiver for all control channels.

· Observation 2: In medium INR condition, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is about 1~1.5dB for all control channels.
· Observation 3: Depending on INR condition, the gain of E-LMMSE-IRC receiver has large fluctuation.
CFI [Serving interference] = [1 1 1], 2CCE, no power boosting, 50% PDCCH interference loading
· Observation 4: The performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is about 2.2~2.5dB in high INR condition and 0.6~1.2dB in medium INR condition for all control channels.

· Observation 5: Comparing zero power boosting, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is decreased about 1dB in high INR condition.

CFI [Serving interference] = [3 1 1], 2CCE, no power boosting, 100% PDCCH interference loading
· Observation 6: In high INR condition, PDCCH performance of E-LMMSE-IRC receiver has 0.5dB gain in comparison with LMMSE-IRC receiver since only the 1st symbol of PDCCH is applied by E-LMMSE-IRC and LMMSE-IRC is used for the 2nd / 3rd symbols. 

· Observation 7: In medium INR condition, the performance of LMMSE-IRC and E-LMMSE-IRC receivers is similar.

CFI [Serving interference] = [3 1 1], 2CCE, 3dB power boosting, 100% PDCCH interference loading
· Observation 8: For PCFICH and PHIC performance, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is reduced about 0.6~1dB in comparison the performance gap with zero power boosting of interfering control channel.
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