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1. Introduction

At the RAN WG1 #68bis meeting, the issues regarding the demodulation reference signal (DM-RS) used for E-PDCCH detection were discussed and the next steps will be:
· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

· Then consider “(e)REG/(e)CCE” definitions 

· Then determine necessary aggregation levels and relationship to localised and/or distributed transmission. 

· Consider whether multiplexing of localised and distributed ePDCCH parts is needed in same PRBs

· Study “fallback” operation and need for localised and distributed USS candidates in same subframe

In this contribution, we will give our simulation results of these three methods.

2. Simulation results of three methods
For the ePDCCH mapping in presence of DM RS, rate matching is more appropriate, because it has to be used for demodulation. Considering other colliding signals, such as CRS, legacy control region, PSS/SSS,PBCH,PRS,CSI-RS, the following will give some explanation of these three mapping schemes:
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1. Puncturing of REs including coded symbols

The size of eCCEs is same as legacy CCE, not considering the overhead of colliding signals. The coded bits are modulated, and mapped in resource elements of eCCEs with specific aggregation level regardless of the overhead, then puncture the REs positioning at colliding signals.
2. Puncturing of REs from “REG/CCE” with rate matching in coding chain
The size of eCCEs is same as legacy CCE, not considering the overhead of colliding signals. The coded bits is rate matched around the colliding signals, and mapped in resource elements of eCCEs with specific aggregation level after accounting the REs of colliding signals. The efficient code rate is much higher than method 1.
3. Rate matching for coding chain together with mapping”REG/CCE”around the other signals
The number of REs after removal the REs of colliding signals of each eCCE is approximately same as legacy CCE, and the number of REs of each eCCEs maybe variable considering different colliding signals. The rate matching will be done around the colliding signals, and the efficient code rate is approximately same as method 1.
From theoretical analysis, method 3 would have better performance than method 1, because the code rate is similar, but method 1 would have to do puncturing. Method 2 would have the worst performance with high coding rate.

Here, we also give our simulation results of all these three methods above, and the simulation assumptions are given in the annex. From the figures, the red curve is the performance of method 3, the black curve is the performance of the first method, and the blue curve is the performance of method 2. We could see that method 3 has the best performance. So we propose to adopt method 3: rate matching with variable eCCE size for eCCE mapping in the presence of colliding signals, such as CRS, legacy control region, PSS/SSS,PBCH,PRS,CSI-RS.
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3. Conclusion

In this contribution, we give our simulation results of three ePDCCH mapping schemes considering colliding signals, and our preference is scheme 3: rate matching for coding chain together with mapping ”REG/CCE” around the other signals.
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Annex

Table I – Simulation Conditions

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration 
	2×2 

	Channel Model
	SCM-E urban macro and ETU channe

	UE velocity
	3km/h and 120km/h

	Aggregation level
	4 eCCE 

	Channel estimation 
	Real channel estimation 

	RS
	Precoded DMRS AP 7 for open loop precoding 

	ePDCCH resource allocation
	Distributed

	Precoding matrix
	Rel-8 2Tx rank-1 codebook

	CRS port number
	4
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