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1 Introduction

In the RAN4 #77 meeting, there were many discussions on the reference receiver for PDCCH demodulation, and agreements were approved in WF [1].  In this contribution, we will further discuss the remaining issues and provide link level results to show the performance of PDCCH advanced receiver.
2 Discussion
Based on the WF [1], there are several remaining issues as following:
· Candidate IM receiver structures for PDCCH/PCFICH/PHICH 

· Assumptions on interfere PDCCH region duration
· CRS-assistance-Information for reference IM receivers 
· Assumptions on UE blind detection of power boosting, loading, CFI etc. of interferer.
2.1 IM receiver structures for PDCCH/PCFICH/PHICH
Based on the discussion in the last meeting, there are several options for candidate IM receiver structures for PDCCH, which are:
· Option 1: LMMSE-IRC + CRS-IC

· Option 2: E-LMMSE-IRC 

· Option 3: E-LMMSE-IRC + CRS-IC 

Firstly, with respect to option 2, as WID [2] has already limited the candidate receivers as following, in which the CRS-IC is required as mandatory feature in this work item. So, it’s not necessary for us to revisit the feasibility of advanced receivers without CRS-IC. 
· The candidate advanced receivers to be considered for demodulation requirements are the existing PDSCH receiver structures defined in Rel-11/Rel-12, with capability of

· Linear suppression of control channel interference of interfering cells such as

· MMSE-IRC

· E-MMSE-IRC


And

· Cancellation of CRS interference of interfering cell

Further more, it’s also agreed to reuse the CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 in this WI, while option2 actually introduces the advanced CCH-IM receiver without the CRS-assistance-Info.

 Observation 1: Option 2 (E-LMMSE-IRC without CRS-IC) is not considered in this WI.
In the last meeting, there are different preference from companies on option 1and 3, so for compromise, it’s suggested to down-select the receivers in this meeting, and also WF [1] provided possible two approaches of selecting the different receiver structures in WF [1]:
· Option 1: Downselect one reference IM receiver structure 

· Option 2: Select several reference receivers and define different UE capabilities for different receiver structures 

Based on our understanding, it would be redundant to define several receivers and UE capabilities because they are all efficient to handle the inter-cell PDCCH interference, so currently, we prefer down-selecting on reference IM receiver structure.

Observation 2: select one reference IM receivers structure for PDCCH/PCFICH/PHICH
With respect to option 1 and option 3, we prefer option 3, because option 3 could perform better than option 1, and the additional complexity of option 3 over option 1 is marginal than the one of CRS-IC implementation, which means the complexity of option 3 is acceptable higher than option 1. 

Observation 3: use option 1 as candidate receiver structure.
So, based on the above discussion, we propose that 

Proposal 1: use E-LMMSE-IRC + CRS-IC as IM receiver structure for PDCCH/PCFICH/PHICH
2.2 Assumptions of PDCCH region
Regarding the assumptions of PDCCH region for E-LMMSE-IRC receiver, from the implementation of view, given the channel estimation of neighbour is already known, the complexity of neighbour cell detection is acceptable.  So, considering the additional gain of PCFICH detection, we prefer blind detection of the interferer PDCCH region duration. Otherwise, if RAN4 can’t reach the agreement on this issues, we could leave it up to UE implementation and just define the requirements for CFI = 1 only. 
Proposal 2: Blind detection of the interferer PDCCH region is assumed for E-LMMSE-IRC receiver.
2.3 CRS assistance information for reference IM receivers
As CRS assistance information is helpful for UE to perform the CRS-IC, and WI has already assumed these information is available, so as E-LMMSE-IRC receiver is based on the channel estimation of neighbour cell, we 

Proposal 3: CRS assistance information is available for PDCCH/PCFICH/PHICH reference IM receivers.
3 Evaluation

In this section, we provide the link level evaluation to evaluate the performance of IM receiver for PDCCH, the evaluate receivers are:
· E-LMMSE-IRC + CRS-IC

· CRS-colliding, E-LMMSE-IRC + CRS-IC, 2RE joint processing

· CRS-non-colliding, E-LMMSE-IRC + CRS-IC, 1RE joint processing

· Assume uniform power allocation for both serving and interfere cell

· CFI ideal known.
· MMSE-IRC 
· Without CRS-IC
· 2 CRS symbol and 6 PRB for Ruu matrix calculation
The partial interference modelling of PDCCH is:

· Explicitly model the PDCCH in interference cell based on the CCE level.
The others simulation assumptions are provided in Table 1 and results shown in Figure 1:

Table 1 Simulation assumptions for PDCCH MMSE-IRC receiver

	Parameters
	Values

	System bandwidth
	10MHz for both serving cell and interfering cells

	Duplexing mode
	FDD

	Cyclic prefix
	Normal

	Number of interference cells
	2 interfering cells

	Interference power profile
	High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Medium INR (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB)

	Cell ID
	Serving cell: 0

Colliding CRS: Interferer cell #1 - 6, Interferer cell #2 - 1

Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 – 6

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2 with Low correlation

	Tx EVM
	6%

	Scenarios
	Scenario #1: Synchronous network + Colliding CRS

Scenario #2: Synchronous network + Non-Colliding CRS

	Channel model
	Scenarios #1, 2: EPA5

	CFI
	Synchronous networks

Option 1: CFIS = 1, CFII = 1

Option 2: CFIS = 3, CFII = 3

	PHICH Ng
	Option 1: Ng = 1 (i.e. number of PHICH groups = 7 for 10 MHz BW)

	PHICH duration
	Normal

	CCH Interference modeling
	PCFICH/PHICH interference is explicitly modelled

Scenario #1: 100% interference loading + Uniform power distribution

Scenario #2: 50% interference loading + Uniform power distribution (per-REG level modeling)

	SCH interference modeling
	PDSCH interference model: full loading and TM3
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Figure 1 Demodulation performance of PDCCH receivers 
It should be clarified that the MMSE-IRC receiver and interference modeling in this simulation is not practical, as the interference structure here is friendly for MMSE-IRC using more CRS symbol, so the MMSE-IRC performance here is some kinds up-bound performance of legacy PDCCH demodulation performance without CRS-IC.
Based on the above results, it could be observed that:

· With respect to different interference condition and configurations, such as CCE level 2/4, high and medium INR, CRS-colliding and non-colliding, and full/partial CCH loading, the E-LMMSE-IRC + CRS-IC could perform significant performance gain over the optimized legacy receiver.
Observation 4: EIRC receive could provide significant performance gain over legacy receivers.
4 Conclusion
In this contribution, we discuss and evaluate the advanced receiver for PDCCH receptions, based on the analysis and evaluation, we propose that:
Proposal 1: use E-LMMSE-IRC + CRS-IC as IM receiver structure for PDCCH/PCFICH/PHICH
Proposal 2: Blind detection of the interferer PDCCH region is assumed for E-LMMSE-IRC receiver.
Proposal 3: CRS assistance information is available for PDCCH/PCFICH/PHICH reference IM receivers.
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