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1. Introduction
Performance evaluations on FeICIC have been focused on the need and benefits of suppressing CRS interference in macro-pico deployments; with pico UEs operating in larger cell range expansion. Suppressing CRS interference, and PSS/SSS interference, may not be sufficient for pico UEs in the CRE zone to properly operate in the cell if there will be difficulties to acquire system information. 
In this contribution, detection performance of MIB and SIB1 at an SIR of -9 dB is evaluated, and techniques to improve the detection, or to avoid dominant and severe interference, are discussed.
2. Discussion
Scenarios

The RAN1 discussions on acquiring system information in connected mode address the two scenarios depicted in figure 1. In scenario (a), a macro UE is handed over to a pico cell with a handover bias of 9 dB, in which the UE would need to read the MIB to receive the System Frame Number (SFN) as well as SIB1 in order to read the system information that was not included in the handover message. In scenario (b), a pico UE is moving towards the cell edge of the CRE zone and may then have difficulties to read system information upon receiving a system information change notification, or difficulties to even receive the change notification.
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Figure 1 Two scenarios (a) and (b) where detection performance of MIB and SIB1 may not be acceptable
Detection of MIB and SIB1
Detection performance of MIB and SIB1 is evaluated via link simulations under assumptions given in Appendix A. The transmissions of PDSCH carrying SIB1 can be scheduled in frequency domain, and it will here be assumed that such PDSCH transmissions are coordinated across macro and pico cells. Thus, in this study only the PDCCH detection performance in the victim cell is considered. 
Figure 2 and figure 3 depict the BLER performance of the victim (pico) cell PBCH and PDCCH associated with SIB1 transmissions, respectively. From these figure we observe that without any interference handling the acquisition time of the system information might be unacceptable long. 
Techniques that can be considered for interference handling related to acquiring system information are:
· Interference cancellation of CRS/PBCH (MIB) and of at least CRS/PCFICH/PDCCH (SIB1)

· Inter-cell coordination of PBCH (FDD only) and SIB1 transmissions
· Signalling solutions

· Power boosting

· Inter-subframe scheduling (SIB1)

Evidently from figure 2 and figure 3, interference cancellation will improve the detection of both the MIB and SIB1 significantly, in which interference cancellation of CRS/PBCH seems to be a feasible solution in particularly. MIB needs to be detected after handover and after receiving system information change notification, implying that cancellation of the neighbor PBCH will not be done frequently. SIB1 also needs to be detected after handover and after receiving system information change notification via paging, but system information change notification may also be indicated by incrementing a counter in SIB1. In the latter notification case, the UE may monitor the SIB1 in periods of 80 ms. 
Inter-cell coordination of SIB1 transmissions could either refer to radio frame shifting [2] or to coordination of PDSCH in conjunction with ePDCCH. With radio frame shifting the transmissions of SIB1 will not collide in time and if subframe #5 in odd radio frames is configured as ABS in the macro cell then only CRS interference will cause interference towards pico users. The radio frame shifting approach applies to both FDD and TDD, but would preclude MBMS single frequency network operations to co-exist with the FeICIC feature. In the case of inter-cell coordination of ePDCCH and PDSCH, the macro cell avoids scheduling data in RBs used by the pico cell for ePDCCH and PDSCH transmissions of SIB1. By configuring subframe #5 in even radio frames as ABS the detection of SIB1 would improve but interference from macro transmissions of PCFICH/PDCCH (SIB1) cannot be avoided. However, with an ePDCCH such macro interference can be avoided. It can be noticed that the pico cell still needs to transmit PDCCH for legacy reasons, so ePDCCH adds some overhead in the pico cell. On the other hand, SIB1 is only transmitted every 20 ms. It can further be noticed that ePDCCH can also be considered for detection of system information change notification via paging. In deployment scenarios without radio frame shifting, paging occasions will occur at same time instants implying that a page in the macro cell will cause interference to a page in the pico cell. Thus, one may consider coordinating paging via ePDCCH. 
Signalling solutions to handle excessive interference towards MIB and SIB1 have been discussed in e.g. [1] [2] in which a macro include SIB1 and MIB in the handover message (scenario (a)), and for UEs in the CRE zone that cannot detect MIB or/and SIB1 (scenario (b)) the pico could signal this information in protected subframes whenever the system information has been changed. However, dedicated signalling of SFN may not be reliable. 

Power boosting of PBCH and PDCCH could be considered as a simple way to improve the detection of MIB and SIB1, and given that there is a 3 dB difference between CRE in eICIC and FeICIC it might provide an acceptable detection performance. Inter-subframe scheduling is another possibility to avoid severe interference by sending PDCCH in a fully protected subframe prior to the SIB1 transmission in subframe #5. A drawback with inter-subframe scheduling, in general, is that it may allocate resources in an inefficient way when data is to be transmitted one or several subframes later.
Given the above discussions on techniques to handle interference related to acquisition of system information, we propose the following:
Proposal 1: Use PBCH cancellation to improve detection of MIB
Proposal 2: Use ePDCCH for detection of SIB1
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Figure 2 Detection of MIB
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Figure 3 Detection of SIB1

3. Conclusion
Detection performance of MIB and SIB1 at an SIR of -9 dB was evaluated, and techniques to improve the detection, or to avoid dominant and severe interference, were discussed. The following was proposed:
Proposal 1: Use PBCH cancellation to improve detection of MIB

Proposal 2: Use ePDCCH for detection of SIB1
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5. Appendix A
Table 1 Simulation assumptions

	 
	Victim cell
	Aggressor cell

	Parameter
	　Value
	　Value

	System bandwidth
	10 MHz
	10 MHz

	Cyclic prefix
	Normal
	Normal

	Cell ID
	0
	1

	Antenna configuration
	2x2 low
	2x2 low

	Reference channel
	EVA5
	EVA5

	
	
	

	PCFICH
	CFI=3
	CFI=3

	DCI format
	1A
	1A

	# of CCEs
	8
	8

	EVM error
	6%
	6%

	Receiver type
	MMSE
	N/A

	Channel estimation
	Non-ideal
	N/A

	Interference cancellation
	Non-ideal
	N/A

	IC of CRS
	Yes
	N/A

	Subframe type
	Non-ABS
	ABS

	Subframe shifting
	No
	No

	Interference level
	SIR= -9 dB


