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1 Introduction
In [1-5], handling of mapping of ePDCCH in presence of other signals is discussed.  This contribution gives more evaluation on handling of mapping of ePDCCH in presence of other signals.
2  Discussion
The ePDCCH will be used for various configurations with different signals.  In case the eCCE and eREG have nominal definition for all configurations, the collision between the signals and ePDCCH RE have to be treated. For 1 PRB the number of collided REs can be seen as follow. 
	
	CRS
	Legacy Control Region(LCR)
	PSS/SSS
	PBCH
	CSI-RS
	PRS

	RE
	8~24
	12~48
	14~24
	40
	2~16
	10~16


Since UE have to share the ePDCCH resources, it is desirable to have same definition (example: nominal resource set) for all UEs. For the CRS, PSS/SSS, LCR and PBCH, it is commonly known by UE. Thus, nominal resource set can exclude the REs. CSI-RS is UE-specific and frequently used in cells with ePDCCH. In general, the CSI-RS mapped into ePDCCH PRB should be treated in predefined ways. Three options are compared.
Option 1: Rate matching  

eNodeB use the available REs to perform rate matching and RE mapping. UE use the number available REs to decoding. UE need eNodeB to inform the available REs. The performance can be optimized for this case. 
Option 2: Puncturing

eNodeB use the nominal number of REs to perform rate matching and RE mapping. The channel coding assumes bits derived by the nominal REs. For the UE-specific signal, the RE is removed and punctured after channel coding. eNodeB inform the punctured REs to UE.  
Option３: Do nothing

eNodB always use fixed number of REs to do the channel coding and RE mapping. The RE collided with UE-specific signal is removed. eNodeB do not inform the punctured REs to UE.  UE only puncture the RE based on its own configuration. 
3 Evaluation

1 PRB and 0.5 PRB is chose as the ePDCCH transmission resources in evaluation the different options. 8 REs are reserved for CSI-RS transmission. The configuration use 4 ports CRS. Other signal is used as illustrated in figure 1. 
The simulation results can be seen in the figure 2. It can be seen that as the convolution code in general is not sensitive to puncturing on the “systematic” bits. The performance loss in Option 2 is quite small, compared with Option 1. The performances converged at 0.5 PRB case. It can be explained by that 0.5 PRB use less than 1/2 code rate. This case only has 1 systematic bit stream and 1 parity bit stream to be punctured.
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Figure 1 ePDCCH resource occupations.
Table 1 Simulation Parameters
	Bandwidth
	10MHz

	DCI payload size
	59bits

	legacy control region
	3

	CRS
	4

	Resource
	1PRB / 0.5 PRB 

	Coding
	TBCC

	Modulation
	QPSK

	Channel
	ETU, NLOS

	UE speed 
	3km/s

	CSI-RS period
	5ms

	Transmission Mode 
	single layer SU-MIMO transmission

	Transmit Antenna Number
	8 (ULA) with 0.5λ antenna space

	Receive Antenna Number 
	2 with 0.5λ antenna space

	DMRS port
	Port 7

	DMRS channel estimation
	2D-MMSE

	CSI-RS channel estimation
	2D-MMSE

	MIMO detection
	MMSE
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Figure 2 Link level performance comparison for different options

It can be seen in the results that the option 1 and 2 have very closed performance. However, since the both option require signaling of collided RE to UE, it is slightly prefer for Option 1, e.g. rate matching. 
4 Conclusion

In this contribution, we discussed handling of mapping of ePDCCH in presence of other signals. We propose: 
It is preferred for rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the RE reserved for other signals. The reserved REs should be informed to UE explicitly or implicitly.
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