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1 Introduction
In the last RAN4 meeting, WF [1] on reference receivers for control IM was agreed. Mainly two types of candidate receivers such as E-LMMSE-IRC and LMMSE-IRC were discussed for PDCCH/PCFICH/PHIC under synchronous network scenario. In this contribution, we provide our views on reference receiver for PDCCH/PCFICH/PHIC.
2 Discussion
Some agreements for reference receiver of control channels were as follows in last meeting:

· For EPDCCH

· Synchronous network scenarios : LMMSE-IRC + non-colliding CRS-IC

· Asynchronous network scenarios : LMMSE-IRC

· For PDCCH/PCFICH/PHIC under asynchronous network

· LMMSE-IRC receiver 
One remaining issue is which receiver is reasonable for PDCCH/PCFICH/PHIC under synchronous network considering various network scenarios such as control region, power boosting, control loading, etc. for interfering cell and effect of using advanced receivers.

According to WID [2], reference receiver for control channel IM should be defined considering following assumptions:

· Reuse CRS assistant information from Rel-11

· No additional network signaling and network restriction
· No additional UE blind detection for interfering control and data channel related parameters 

· since there are no UE blind detection for LMMSE-IRC and E-LMMSE-IRC receiver in Rel-11/12.

· WID statement: the candidate advanced receivers to be considered for demodulation are the existing PDSCH receiver structures defined in Rel-11/12. 

· Proposal 1: Do dot introduce UE blind detection of interference control and data channel related parameters for control channel IM.
2.1 E-LMMSE-IRC receiver for control channel IM
Possible control region for interference mitigation

Basically, E-LMMSE-IRC receiver should obtain effective channel for interference cell. For control region, UE can derive effective channel for interference cell since control channels always use SFBC. However, it is only available when control region between serving and interference cells is aligned. To cover general scenario of various CFI of interference cell, UE blind detection of interfering CFI or network assisted information for interfering CFI is required, but based on ‘Proposal 1’ mentioned above, these methods cannot be used. Therefore, E-LMMSE-IRC receiver can only be applied for 1st symbol since UE cannot acquire control region of interference cell. 
· Observation 1: E-LMMSE-IRC receiver can only be applied for the 1st symbol.

Efficiency of performance perspective
Comparing the performance of LMMSE-IRC receiver, the performance improvement for PCFICH and PHICH using E-LMMSE-IRC receiver can be achieved. However, PCFICH already operate low geometry, so the large performance improvement is superfluous. For PDCCH, the performance improvement is limited since E-LMMSE-IRC is only used for the 1st symbol and 2nd / 3rd symbol are used with LMMSE-IRC when serving CFI is 3 as shown in Figure 2‑1. In high INR condition, the performance gap between LMMSE-IRC and E-LMMSE IRC receivers is about 0.5dB. Additionally, it is difficult to guarantee performance improvement from E-LMMSE-IRC receiver according to interfering control channel loading, power boosting, and INR profile since the accuracy of noise covariance might be unstable. As shown in Figure 2‑2, the performance gap between LMMSE-IRC and E-LMMSE-IRC receivers is under 1.5dB in medium INR condition. Therefore, the general performance gain from E-LMMSE-IRC can be achieved in high interference condition. However, for high interference condition, link performance for PDSCH cannot be improved if UE does not use advanced receivers such as NAICS receiver for PDSCH demodulation although decoding performance for control channel is improved. 
For simulation parameters, 

· CFI of serving and interference cell is 3 and 1

· Colliding CRS 

· High INR 
· 100% control channel loading for interference cell

· 2CCE

· No power boosting

· (E)-LMMSE-IRC+ 2cell CRS-IC

· EVA70
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Figure 2‑1 Control channel BLER performance under high INR condition
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Figure 2‑2 Control channel performance under medium INR condition

· Observation 2: LMMSE-IRC receiver has 1~2.3dB gain for PCFICH, 1.6~2.6dB gain for PHICH, and 1.2~2.3dB gain for PDCCH. E-LMMSE-IRC receiver has 2~5.4dB gain for PCFICH, 3.1~6dB gain for PHICH, and 1.3~2.7dB gain for PDCCH.
· Observation 3: The large performance improvement for PCFICH is superfluous. 

· Observation 4: PDCCH performance improvement using E-LMMSE-IRC is limited.
· Observation 5: The performance improvement by E-LMMSE-IRC receiver can only be observed in high INR condition.
UE implementation perspective
Considering E-LMMSE-IRC receiver for control channel IM, UE should implements three types of receivers such as E-LMMSE-IRC, LMMSE-IRC, and MRC (baseline) for PDCCH detection. Practically there can be many resources for specific PDCCH allocation and UE searches all the PDCCH candidate resources. These search spaces differ depending on whether the PDCCH is UE-specific or common, and what aggregation level is used. If UE decodes all search space for PDCCH by E-LMMSE-IRC, UE power consumption and complexity would be dramatically increased. Moreover, additional computational complexity could introduce according to E-LMMSE-IRC receiver structures in terms of the type of reconstructed covariance matrix and number of processed REs. It is not reasonable for UE implementation for one symbol processing. 

· Observation 6: For one symbol decoding processing, E-LMMSE-IRC receiver introduces high complexity for UE implementation perspective.

In connected DRX, UE wakes up if there is any data coming from the network and getting into sleeping mode again if there is no data to reduce power consumption. If UE operates E-LMMSE-IRC receiver for PDCCH, UE should estimate interference channel to check PDCCH existence during DRX on. It is introduce UE power consumption in connected DRX operation against original purpose of DRX.
· Observation 7: E-LMMSE-IRC receiver introduces additional power consumption during connected DRX. 
From above observations, there is no outstanding merit of E-LMMSE-IRC receiver for control channel IM in performance and UE implementation perspective, so we propose 

· Proposal 2: LMMSE-IRC receiver should be considered as reference receiver for control channel IM. 
3 Conclusion 
In this contribution, we provide our view of reference advanced receiver for control channel interference mitigation. From WID, UE behavior for control channel IM should be considered following proposal: 
· Proposal 1: Do dot introduce UE blind detection of interference control and data channel related parameters for control channel IM.
Some observations for E-LMMSE-IRC receiver are

· Observation 1: E-LMMSE-IRC receiver can only be applied for the 1st symbol.

· Observation 2: LMMSE-IRC receiver has 1~2.3dB gain for PCFICH, 1.6~2.6dB gain for PHICH, and 1.2~2.3dB gain for PDCCH. E-LMMSE-IRC receiver has 2~5.4dB gain for PCFICH, 3.1~6dB gain for PHICH, and 1.3~2.7dB gain for PDCCH.

· Observation 3: The large performance improvement for PCFICH - is superfluous. 

· Observation 4: PDCCH performance improvement using E-LMMSE-IRC is limited.
· Observation 5: The performance improvement by E-LMMSE-IRC receiver can only be observed in high INR condition.

· Observation 6: For one symbol decoding processing, E-LMMSE-IRC receiver introduces high complexity for UE implementation perspective.
· Observation 7: E-LMMSE-IRC receiver introduces additional power consumption during connected DRX. 

From observations, our proposal for reference receiver for control channel IM is 
· Proposal 2: LMMSE-IRC receiver should be considered as reference receiver for control channel IM.
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