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1 Introduction

In the RAN4 #77 meeting, there were many discussions on the interference modelling and simulation assumptions for downlink CCH-IM, and agreements were captured in [1].  Also, there were several remaining issues, for example:
· Interference power profiles

· CFI for serving and interference cell
· PDCCH interference modelling

In this contribution, we would like to discuss the open issues for interference modelling and assumptions for downlink CCH-IM receiver. 
2 Discussion 

2.1 Interference power profiles
Generally, it’s agreed to reuse the interference power profiles in NAICS in this WI, which are:

· Option 1: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) 

· Option 2: Medium INR (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB) 

With respect to select the interference profiles, we should firstly revisit the scope of this WI. Based on our understanding, this WI doesn't involve the core-part work, which means the RLM/RRM requirement would be the same even the UE could perform better PDCCH demodulation with high interference condition. As previous results show that with advanced PDCCH receivers, the UE could easily achieve <1% PDCCH BLER under very low SINR, while due to RLF issues, we actually can’t define such requirements with very low SINR. 
So, for the purpose of not avoiding the RLF issues, we would like to use high INR for 2CCE requirements and 4CCE for medium INR.

Proposal 1: Using high INR for 2CCE PDCCH requirement and medium INR for 4CCE PDCCH requirements.

2.2 CFI for serving and interference cell
There are three options in [1], that:

· Option 1: CFIS = 1, CFII = 1

· Option 2: CFIS = 3, CFII = 3

· Option 3: CFIS = 3, CFII = 1

With respect to the CFI values for serving and interference cell for demodulation requirements, it depends on the agreements on the assumptions of reference receivers, for example, if interference PCFICH detection is required, we could use CFI_S=CFI_I=3, and final requirements are based on 3 symbol E-LMMSE-IRC receiver. While, if RAN4 can't not reach agreements on the PCFICH detection, CFI_S=CFI_I=1 should be used for the purpose of leaving PCFICH detection for UE implementation.

Proposal 2: Using option 2 (CFIS = 3, CFII = 3) if PCIFH detection is assumed, or option 1 (CFIS = 1, CFII = 1) if PCFICH detection is not agreed.

2.3 Interference modelling of PDCCH
With respect to the PDCCH/PHICH power boosting, as we have already agreed that final requirements are defined without PA blind detection, so it seems not necessary for RAN4 to explicitly model the power boosting in the requirements, and leave it for UE implementation. Considering that, no PDCCH/PHICH power boosting could be used.
Proposal 3: No power boosting for PDCCH/PHICH modelling

With respect to the Interference presence and power boosting modeling granularity, there are two options: Per-REG level and Per-CCE level. We prefer to have Per-CCE level modelling, because:

· The PDCCH interference from neighbour cell is actually per-CCE level, and there is straightforward and simple just following the actual PDCCH interference modelling.
· Pre-REG interference modelling would penalty the UE with advanced receiver such as per CCE PA estimation
So, from this point of view, pre-CCE level interference modelling should be used. 

Proposal 4: Pre-CCE level PDCCH interference is used.
In the following section, we provide an example how to model CCE-level PDCCH interference. 

3 CCE-level PDCCH Interference modelling

In this section, an example are present how to modelling the CCE-level PDCCH interference. Taking 10 MHz, 2CRS-port, CFI=1, 
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· For PHICH, 
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There are 100REG in total, in which 4 REG for PCFICH,  6 REG for PHICH, 90 REG for PDCCH (10CCE). So, the Per-CCE level PDCCH interference could be modelled as: 

Method 1: 
Each CCE randomly chooses the used PA from candidate subset with given probability, such as:

	PA valeus
	-100dB
	0dB

	probability
	50%
	50%


Method 2:

Use a static CCE-utilization-pattern, for example

	CCE pattern
	CCE index
	REG index

	Pattern 1
	0,1,2,3,4
	…

	pattern 2
	5,6,7,8,9
	…


In which, In subframe 0,2,4,…, the CCEs in Pattern 1 would use PA 0dB, and others use PA -100dB; and In subframe 1,3,5,…, the CCEs in Pattern 2 would use PA 0dB and others use PA -100dB

These two methods are valid from specification point of view, and could achieve partial-PDCCH loading. One drawback of method 1 is that it may lead to different PDCCH loading for different subframe, and the final demodulation requirement is determined by the high PDCCH loading subframe. And method 2 seems more simply.

Proposal 5: Adopt the proposed per-CCE level PDCCH interference modelling
4 Conclusion
In this contribution, we discuss the remaining issues for interference modelling and simulation assumptions. Based on our analysis, we propose that:
Proposal 1: Using high INR for 2CCE PDCCH requirement and medium INR for 4CCE PDCCH requirements.

Proposal 2: Using option 3 (CFIS = 3, CFII = 1) if PCIFH detection is assumed, or option 1 (CFIS = 1, CFII = 1) if PCFICH detection is not agreed.

Proposal 3: No power boosting for PDCCH/PHICH modelling

Proposal 4: Pre-CCE level PDCCH interference is used.

Proposal 5: Adopt the proposed per-CCE level PDCCH interference modelling
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