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1 Introduction

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

· 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 would like to discuss the interference modelling for downlink CCH-IM receiver.
2 Discussion on interference modelling for PCFICH/PDCCH/PHICH
In the previous topics, RAN4 had conducted many researches on the PDSCH interference, such as in R.11 type-A receiver, R.12 NAICS, R.13 CRS-IM topics. But, RAN4 hadn’t ever studied and evaluated the interference modelling for PDCCH channel. So, in this WI, it’s very important to firstly clarify and derive a realistic the interference modelling.
In this section, we would like to clarify which aspects/issues should be addressed and involved in CCH interference modelling; at least the following ones should be clarified:
· Interference level and number of explicitly modelled interference cells

· Obviously, from the interference level and number of interference cells point of view, the interferences between PDCCH and PDSCH are almost the same, so we could reuse the research outputs in R.12 NAICS and R.13 CRS-IM.

·  The partial loading of PDCCH region
· The modelling of partial loading is totally different for PDCCH and PDSCH, as PDSCH will occupy the whole PRB but PDCCH will use the REG in CCH region. It should be pointed out that this difference would introduce the impact on both implementation and performance on MMSE-IRC/E-MMSE-IRC receiver. So we should explicitly model the partial loading of PDCCH

· The power busting of PDCCH region

· Due to the QPSK modulation order and some coverage enhancement requirements, the eNB would apply power bursting for each UE, as, this power busting would affect the performance of MMSE-IRC/E-MMSE-IRC receiver accordingly, we have to explicitly model this.
· The interference type in OFDM symbol 1 and 2
· As the CCH length of neighbour is dynamic changing due to PDCCH capacity and PDSCH scheduling, so, the interference type of neighbour cell in symbol 1 and 2 would be PDCCH, PDSCH or ePDCCH. So, from the UE implementation point of view, different UE behaviour might be captured between symbol 0 and other OFDM symbol. So accordingly, we need to explicitly modelling the variable interference transmission in OFDM symbol 1 and 2

· Others are not excluded.

In summary, we would like to suggest at least the above features should be explicitly modelled for PDCCH interference with realistic assumptions.

Proposal 1: The interference modelling for PCFICH/PDCCH/PHICH should at least take the following realistic aspects into consideration:

· interference level and number of explicitly modelled interference cells
· partial loading of CCH region
· UE specific power busting of CCH 

· Interference type in OFDM symbol 1 and 2.

Another issue on interference modelling is about random and mixed interference modelling. For PDSCH interference, it’s a traditional way to capture random and mixed interference modelling. While regarding PDCCH interference and PDCCH-IM receiver, there might be some issues on some random and mixed interference modelling, because:

· With random and mixed interference modelling, the PDCCH demodulation performance might depend on the possibility of certain un-favourable interference condition, such as the presence of high power busting behaviour, the partial-loading. As a result, the PDCCH demodulation performance actually is highly related to interference modelling itself

· Regarding PDCCH, there is a rough link adaptation scheme for UE PDCCH by assigning different CCE level. Different from PDSCH transmission, which has HARQ scheme to correct the transmission error, there isn't retransmission design for CCH but the reliability for PDCCH should more high than PDSCH. So, the link adaptation scheme would be very passive. So, from eNB point of view, we prefer a robustness advanced receiver for PDCCH, which has more stable PDCCH demodulation performance, rather than another kinds of advanced receiver which perform better in certain interference condition but worse in other interference condition.
Based on the above analysis, besides random and mixed interference modelling, certain interference condition is still needed to verify the performance of PDCCH-IM receiver. So we propose that:

Proposal 2: Both mixed interference modelling and certain interference condition modelling are needed to verify the feasibility and performance of PDCCH-IM receiver.

3 Discussion on interference modelling for ePDCCH

Firstly of all, the ePDCCH would suffer interference from the neighbour cell PDSCH/ePDCCH. From UE implementation point of view, the UE behaviour would be the same when the ePDCCH is affected by neighbour cell PDSCH and ePDCCH, and meanwhile, from interference correlation matrix point of view, the interferences between ePDCCH and PDSCH are similar with each others. 
So, for the purpose of simplifying the works for ePDCCH IM receiver, we tentatively suggest reusing all the interference modelling in type-A receiver, such as the interference level (DIP value) and others.

Based on above analysis, we propose that:
Proposal 3: Reuse the interference modelling of type-A receiver to verifying the performance for ePDCCH MMSE-IRC receiver. 
4 Conclusion
In this contribution, we initially provide our analysis and views on the interference modelling for CCH region and ePDCCH, and based on our analysis, we propose that:

Proposal 1: The interference modelling for PCFICH/PDCCH/PHICH should at least take the following realistic aspects into consideration:

· interference level and number of explicitly modelled interference cells

· partial loading of CCH region

· UE specific power busting of CCH 

· Interference type in OFDM symbol 1 and 2.

Proposal 2: Both mixed interference modelling and certain interference condition modelling are needed to verify the feasibility and performance of PDCCH-IM receiver.

Proposal 3: Reuse the interference modelling of type-A receiver to verifying the performance for ePDCCH MMSE-IRC receiver. 
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