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1. Introduction
In RAN4#78 meeting, there were discussions on interference modeling for downlink control channel IM[1-8]. A way forward [9] on interference modelling was agreed, there are still some problems need to be further confirmed, such as：
· Interference model for PDCCH/PCFICH/PHICH IM receiver in synchronous networks 
· Interference presence and power boosting modeling granularity is FFS 

· Option1 per-REG

· Option2 per-CCE

· Down-selection is done in next meeting, companies are encouraged to provide more inputs 
· Normalized vs Un-normalized interference power model 
· The DL Control Channel IM demodulation test cases for the scenarios in the Table 1 are FFS.
Table 1. FFS DL control channel IM test cases

	#
	Control channel
	Network Type
	Duplexing
	CRS pattern
	Purpose

	1. 
	EPDCCH
	Synchronous
	FDD
	Colliding
	LMMSE-IRC verification 

	2. 
	
	
	TDD
	Colliding
	LMMSE-IRC verification 


Notes:

(*) FFS whether separate or different test cases are used for the verification of the E-LMMSE-IRC + CRS-IC and LMMSE-IRC + CRS-IC receivers
In this contribution, we provide views on interference modelling and test case for synchronous networks for ePDCCH for downlink control channel interference mitigation.
2. Discussion
2.1 Interference presence and power boosting modeling granularity
· Interference presence and power boosting modeling granularity is FFS

· Option1 per-REG

· Option2 per-CCE

· Down-selection is done in next meeting, companies are encouraged to provide more inputs 
In the last two meetings there were discussions that Interference presence and power boosting should be per-REG granularity or per-CCE granularity. AS mentioned in [6], there is no difference of gains achieved by advanced IM receiver regarding to the two methodologies when no blind detection of power boosting is assumed. As the methodology based on per-REG is easier to implement and would be more feasible for power normalization as explained below, so we slightly prefer per-REG granularity. However some company has concern that this would penalize advanced UE receiver with blind detection of power boosting based on CCE level. Therefore in the test per-CCE granularity power boosting modeling could be used.

Proposal 1:Interference presence and power boosting modeling granularity is per-CCE to define the tests.
2.2 Normalized vs Un-normalized interference power model
There were email discussions about un-normalized interference power model and Normalized interference power model. One proposed methodology to normalize the interference power is as follows.
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Option 1: The total number of active PDCCH/PHICH REs in a symbol

Option 2: The total number of REs in a symbol (excluding CRS, PCFICH) including active/inactive PDCCH/PHICH REs
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 is the power boosting coefficient of the i-th PDCCH/PHICH RE in a symbol in the linear domain before normalization 
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 is the power boosting coefficient of the i-th PDCCH/PHICH RE in a symbol in the linear domain after normalization
This methodology is to ensure that interference power in each subframe is normalized to 0dB. However we don’t think this is necessary. Demodulation performance requirements are based on long term statistics. If the interference power during the whole test is normalized to 0dB then the same performance will be observed.
Given interference power boosting is randomly selected for -6dB to 6dB on per-REG or per-CCE level, the averaged power would not be 0 dB due to linear domain power calculation. The expected mean of interference power in linear domain would be 1.4143 which means the interference power is 3dB boosted than it is expected. In other words, the normalization factor α can be -3dB to normalize the interference power.
Figure 1 and 2 shows the short term average power (averaged in one subframe) and long term average power (averaged in all subframe including current subframe) by using normalization factor -3dB. It is observed although there is power variation of each subframe the long term averaged power is converged to 0dB very quickly. Therefore we think this methodology of power normalization is feasible.
It is also observed with per-REG level power boosting the averaged power variation is much smaller than per-CCE level power boosting in each subframe. 
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	Figure 1 Power distribution( Per-CCE)after normalization
	Figure 2 Power distribution( Per-REG)after normalization


Figure 3 and 4 shows the results with and without power normalization. It can be observed that there is performance difference for the different receivers.
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	Figure 3 PDCCH, CFI=(1 1), colliding CRS
	Figure 4 PDCCH, CFI=(1 1), Non-colliding CRS


Proposal 2: Using power nomarlization factor -3dB for interference power bossting.
2.3 DL Control Channel IM demodulation test cases for ePDCCH for synchronous networks
The DL Control Channel IM demodulation test cases for ePDCCH for the synchronous scenarios are FFS. From Figure 5 it can be observed that under localized scenarios MMSE-IRC receiver shows about 3dB gains over baseline receiver, and CRS-IC can bring a small gains. In our companion paper [10] it was proposed to define performance requirements for zero loading PDSCH interference case by using distributed ePDCCH. It was also agreed in the last meeting to define ePDCCH performance requirements under asynchronous interference by using distributed ePDCCH. Therefore it seems enhanced performance requirements for localized ePDCCH is not going to be specified. If it is agreed to define performance requirements for zero loading PDSCH interference by using distributed ePDCCH it would be better to define enhanced performance requirements for localized ePDCCH either.

	ePDCCH
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Figure 5, Results for different candidate receivers, AL=2, Localized, full loading
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Figure 6, Results for different candidate   receivers, AL=4, Distributed, full loading


Proposal 3: Define enhanced performance requirements for localized ePDCCH for synchronous network if it is agreed to define performance requirements for zero loading PDSCH interference by using distributed ePDCCH.
3. Conclusions
In this contribution, we provide views on some remaining open issues for downlink control channel interference mitigation, Following proposals are present.

Proposal 1:Interference presence and power boosting modeling granularity is per-CCE to define the tests.
Proposal 2: Using power nomarlization factor -3dB for interference power bossting.
Proposal 3: Define enhanced performance requirements for localized ePDCCH for synchronous network if it is agreed to define performance requirements for zero loading PDSCH interference by using distributed ePDCCH.
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