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1. Introduction
In RAN1#65 and RAN1#66, the motivation and design guideline for PDCCH enhancement (E-PDCCH) has been discussed [2~9]. Most of proposals for E-PDCCH were mainly focused on physical channel structure design and how to efficiently transmit UE-specific DL control information. However, the common control information signaling and its reception behaviors for Rel-11 UEs with a configuration of E-PDCCH reception also may be one of important consideration points.
In this contribution, we investigate UE blind decoding procedure to receive common control information for E-PDCCH configured Rel-11 UEs.
2. Common search space configuration
In the legacy PDCCH region, the first 16 CCEs are configured as common search space (CSS) to transmit PDCCH carrying the scheduling grant for common control information, i.e. SIB, paging, RA response, and L1 TPC command message. All UEs with legacy PDCCH reception behaviors, therefore, perform blind decoding on the CSS to receive common control information as well as UE-specific search space (USS) in every downlink subframe. Accordingly, when we consider Rel-11 UEs which are configured to receive DL control information through newly designed E-PDCCH, it would be necessary to have a concrete definition of UE reception behaviors for common control information, which is quite related with how to configure CSS for these Rel-11 UEs. 
In the following, we describe several possible alternatives on CSS configuration for Rel-11 UEs that are configured to receive E-PDCCH for downlink control information. 
Alt. 1: Common control information through UE-specific E-PDCCH, i.e. no CSS configuration
As a similar way to Rel-10 specification for relay backhaul transmission, common control information for E-PDCCH configured Rel-11 UEs can be scheduled or transmitted duplicately on UE-specific E-PDCCHs. This alternative is advantageous not to require any change at least in the RAN1 specification. However, there is one serious drawback of significant control overhead increase for higher UE population situation, which directly results in downlink data throughput decrease. Therefore, Alternative 1 is slightly not preferable if RAN1 pursues a target design criterion of optimized control signaling overhead for a large number of scheduled UEs.
Alt 2: Reuse of legacy CSS in the legacy PDCCH region
The CSS in the legacy PDCCH region also can be applied for E-PDCCH configured Rel-11 UEs. In this alternative, it is required that the E-PDCCH configured rel-11 UEs may perform blind decoding for the legacy CSS in the legacy PDCCH region and the newly defined USS in the E-PDCCH region as shown in Figure 1. 
One advantage of this alternative is to make common control signaling overhead minimized, i.e. no need for duplicated transmission of common control signaling in both legacy PDCCH region and E-PDCCH region. In addition, the specification effort can be relatively reduced without consideration of common/UE-specific PDCCH multiplexing. On the other hand, when high interference situation in the legacy PDCCH region occurs as noted in Further Enhanced e-ICIC WI, this alternative itself could not provide a full solution for Rel-11 UEs. The processing cost for overall UE PDCCH blind decoding and detailed UE procedural aspects have to be further investigated.
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Figure 1.  UE blind decoding behaviors for common and UE-specific PDCCHs in Alternative 2
Alt. 3:  CSS in PDSCH commonly configured for rel-11 UEs
In this alternative, CSS for corresponding rel-11 UEs is newly defined in legacy PDSCH region for E-PDCCH transmission. As a result, Rel-11 UEs perform blind decoding for E-PDCCHs on newly configured CSS as well as USS assigned within configured E-PDCCH resource regions. 
In eNB scheduling perspective, this alternative requires duplicated transmission for common control information in both the legacy PDCCH region and the E-PDCCH region, but single CSS blind decoding behaviors is required for UE PDCCH reception. One advantageous aspect for this alternative is to provide a potential frequency domain ICIC solution against high interference situation in the legacy PDCCH region. Details on cell-specific/UE-specific E-PDCCH multiplexing and their related resource utilization efficiency needs to be further investigated, and some technical treatment for fall-back transmission has to be clarified. 
Although further investigation for Alternatives 2 and 3 is necessary to make a technically proven deicision, some straightforward pros. and cons. aspects between alternative 2 and 3 can be  summarized in the following Table 1. 
Table 1. Pros. and Cons. comparison between alternative 2 and 3
	
	Pros.
	Cons.

	Alt. 2
	- Less specification efforts
- Reduced signaling overhead for common control signal
	- Imperfect solution for high interference situation in the legacy PDCCH region 

	Alt. 3
	- Potential full solution for high interference situation in the legacy PDCCH region
	- Duplicated control information transmission in both legacy PDCCH region and new E-PDCCH region


3. Conclusion

In the contribution, we discussed 3 possible alternatives on how to transmit common control information to E-PDCCH configured Rel-11 UEs.  Among them, Alternative 1 is slightly not preferable if RAN1 pursues a target design criterion of optimized control signaling overhead for a large number of scheduled UEs. Then, we proposed to further investigate the technical aspects for Alternatives 2 and 3 especially taking the UE processing cost/complexity and resource utilization efficiency into account.
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