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1 Introduction

In RAN #68 meeting, there approved a WI [1], which will study the interference mitigation for downlink control of LTE, the detailed objectives of this work item are:

· 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

· Identify the scenarios and evaluation assumptions (including the reference receiver(s) for defining performance requirements depending on the gain for each of the control channels listed below) during the works

· Specify requirements on demodulation of PCFICH/PDCCH with above identified advanced receivers 

· Specify requirements on demodulation of EPDCCH with above identified advanced receiver with capability of MMSE-IRC and CRS-IC 

· Specify requirements on demodulation of PHICH with above identified advanced receivers 

· Realistic interference models for the downlink control channels should be considered. 

· CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.

In this contribution, we will discuss each candidate advanced receivers for downlink control channels, including MMSE-IRC, E-MMSE-IRC, and CRS-IC.
2 Evaluation

Before justifying the feasibility of advanced receiver and specifying requirements for downlink channel, we should firstly clarify the definition of reference receivers, and get alignment on the receivers as least for minimum performance requirements.

Based on candidate advanced receivers listed in WID [1], we would like to provide our understanding on them, with consideration on CRS-configuration, CRS-colliding and CRS-non-colliding, which are:
Table 1 Reference receivers for downlink CCH-IM
	
	Channel
	CRS-configuration
	Reference receiver

	Receiver 1
	PCFICH/PDCCH/PHICH
	CRS-non-colliding
	MMSE-IRC + CRS-IC

	Receiver 2
	PCFICH/PDCCH/PHICH
	CRS-non-colliding
	E-MMSE-IRC + CRS-IC

	Receiver 3
	PCFICH/PDCCH/PHICH
	CRS-colliding
	MMSE-IRC + CRS-IC

	Receiver 4
	PCFICH/PDCCH/PHICH
	CRS-colliding
	E-MMSE-IRC + CRS-IC

	Receiver 5
	PCFICH/PDCCH/PHICH
	CRS-non-colliding

CRS-colliding
	MMSE-IRC

	Receiver 6 
	PCFICH/PDCCH/PHICH
	CRS-non-colliding

CRS-colliding
	CRS-IC

	Receiver 7
	ePDCCH
	CRS-colliding
	MMSE-IRC

	Receiver 8
	ePDCCH
	CRS-non-colliding
	MMSE-IRC + CRS-IC

	Receiver 9
	ePDCCH
	CRS-non-colliding

CRS-colliding
	E-MMSE-IRC


 Here are our understanding on receiver 1~9
· Receiver 1&2
· For CRS-non-colliding cases, the CRS-IC receiver is needed for mitigate the CRS interference, and the interference covariance matrix could be estimated based on serving cell CRS Port or based on the channel estimation of interference cell.
· Receiver 3
· For CRS-colliding cases, the CRS-IC receiver is needed to promote the CRS-based channel estimation. Meanwhile, further study is needed to verify the feasibility of serving cell CRS-based estimation for interference variance matrix. 

· Receiver 4
· For CRS-colliding cases, the CRS-IC receiver is needed to promote the CRS-based channel estimation, and the interference covariance matrix could be achieved based on the channel estimation of interference cell. 

· Receiver 5

· As CRS-IC receiver is already introduced since R.11 and would widely used in PDSCH receiver, so, compared with receiver 1 and 3, we don't think it’s necessary to discuss only MMSE-IRC receiver in a R.13 WI. 

· Receiver 6
· Accordingly, CRS-IC is already introduced for PDCCH in R.11, so we think re-verify the feasibility the CRS-IC receiver for PDCCH only is low priority in this WI. 

· Receiver 7
· In this case, as CRS interference will not impact the ePDCCH signal and interference covariance matrix estimation, so CRS-IC receiver is not needed.

· Receiver 8
· In this case, compared with receiver 7, CRS-IC is needed.

· Receiver 9
· In this case, as the ePDCCH would be affected by neighbour cell PDSCH or ePDCCH, and it’s hard for UE to get the efficient channel estimation of neighbour cell. So it’s almost infeasible to perform E-MMSE-IRC receiver. Considering that, receiver type 7 should not be taken into consideration.
Based on the above analysis, we propose RAN4 focus on the following reference receiver in this WI
Proposal 1: RAN4 focus on the following reference receiver in this CCH-IM WI
· MMSE-IRC + CRS-IC for PCFICH/PDCCH/PHICH
· E-MMSE-IRC + CRS-IC for PCFICH/PDCCH/PHICH
· MMSE-IRC for ePDCCH, CRS-IC depending on CRS-configuration
Regarding the above identified candidate receiver, we would like to further discuss the implementation of this receiver.
MMSE-IRC + CRS-IC for PCFICH/PDCCH/PHICH

It's obviously that, the MMSE-IRC for PCFICH/PDCCH/PHICH is more challenging compared with MMSE-IRC for PDSCH, because:

· Less CRS RE could be used for interference covariance matrix estimation, so the estimation performance would be questionable.

· Due to the partial-loading and power busting issues, the interference observed in serving cell CRS RE would be variable and changing dynamically and dramatically, which would lead worse estimation performance of interference covariance matrix.

· It's unclear how to achieve the interference covariance matrix for symbol 1 and 2 by MMSE-IRC receiver, for example, with 2 CRS port, CRS RE only exists in symbol 0/4/7/11, but neighbour cell PDSCH transmission might happen in symbol 1 and 2.
As clearly identified in WID [1] that E-MMSE-IRC is prioritized over that for MMSE-IRC, so, we propose that: 

Proposal 2: Further study is needed to clarify the reference receiver of MMSE-IRC + CRS-IC receiver for PCFICH/PDCCH.PHICH before evaluation alignment and test requirements.
E-MMSE-IRC + CRS-IC for PCFICH/PDCCH/PHICH

In this case, the UE would perform channel estimation for neighbour cell, and try to restructure the interference covariance  matrix based on the neighbour cell channel.

For the first symbol, as both serving and interference cells would use transmission diversity, so the UE could easily get the interference covariance  matrix, while for the possible second and third symbol, as the neighbour would transmit the PDSCH with variable MIMO scheme, so the interference covariance  matrix would be different between symbol 0 and symbol 1/2. So, how to achieve the interference covariance matrix for symbol 1/2 should be clarified, at least for minimum requirements. 

Moreover, as the neighbour cell would be not full loading, and have power bursting for certain UE, so how to handle these issues should also be clarified for minimum requirements.
Considering that, we propose:
Proposal 3: Further clarification is needed to clarify the UE behaviour for E-MMSE-IRC receiver on PDCCH, at least on
· How to achieve interference covariance  matrix, given partial loading and power bursting of neighbour cell PDCCH transmission
· How to achieve interference covariance  matrix in the second/third symbol, given the presence of neighbour cell PDSCH transmission
In section 5, we provide the description on E-MMSE-IRC receive with pre-aware assumptions on serving and neighbour cell transmission. 

MMSE-IRC for ePDCCH, CRS-IC depending on CRS-configuration

As the ePDCCH is like a DMRS-based PDSCH transmission, so intuitively, we could reuse the type-A receiver defined for DMRS-based PDSCH as reference receiver for ePDCCH.
Proposal 4: Reuse the type-A receiver for PDSCH TM9 as baseline receiver for ePDCCH MMSE-IRC.
3 Conclusion
In this contribution, we discuss the reference receiver for downlink CCH-IM receiver, and based on our discussion, we propose that:

Proposal 1: RAN4 focus on the following reference receiver in this CCH-IM WI
· MMSE-IRC + CRS-IC for PCFICH/PDCCH/PHICH

· E-MMSE-IRC + CRS-IC for PCFICH/PDCCH/PHICH

· MMSE-IRC for ePDCCH, CRS-IC depending on CRS-configuration
Proposal 2: Further study is needed to clarify the reference receiver of MMSE-IRC + CRS-IC receiver for PCFICH/PDCCH.PHICH before evaluation alignment.

Proposal 3: Further clarification is needed to clarify the UE behaviour for E-MMSE-IRC receiver on PDCCH, at least on

· How to achieve interference covariance  matrix, given partial loading and power bursting of neighbour cell PDCCH transmission

· How to achieve interference covariance  matrix in the second/third symbol, given the presence of neighbour cell PDSCH transmission

Proposal 4: Reuse the type-A receiver for PDSCH TM9 as baseline receiver for ePDCCH MMSE-IRC.
4 References
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5 Appendix
5.1 Implementation of E-MMSE-IRC for SFBC
With following assumptions, we provide a description of E-MMSE-IRC receiver
· 1 serving cell and 1 interference cell, same CCH symbol
· 100% loading of neighbour cell CCH, and no power bursting for both serving and interference cell
· 2x2, 2 CRS port.

In TS36.211, The precoding of SFBC transmission could be revisited as:
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Assuming that 
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 are signals to be transmitted from cell 1 and cell 2; 
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 are the received signals on RE1 and RE2, 
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 are the channel coefficience matrix from Cell1 and Cell2 to UE, then it could be deduced that:
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So, the interference covariance matrix would be:
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