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1. Introduction

To increase the cell edge spectral efficiency and to provide better wireless resource management, Rel-11 CoMP SI was started. To achieve the goals, various schemes have been discussed, and the first phase of study has been held in progress considering the CoMP operation with the assumption of centralized scheduling and low latency between CoMP points. And also, to avoid frequent handover in heterogeneous network, CoMP scenario 4 is proposed. 
Beside the avoidance of frequent handover, CoMP scenario 4 has several priorities for example, possibly supporting transparent CoMP which would provide multiple transmission point diversity gain to legacy UE. However, since all the transmission points would have the same PCI in CoMP scenario 4, the most problem to be solved for further discussion is the lack of PDCCH capacity. To increase downlink control channel capacity, we need to allow control channel to use more wireless resource, and Rel-11 discuss control channel reception based on UE specific RS. In this contribution, we discuss UE specific RS based control channel for CoMP scenario 4. 
2. Study item - UE specific RS based control channel 
In RAN1 #65, we made some common understandings about the UE specific RS base control channel. 

· Since the control channel relies on UE specific RS, unlike PDCCH, the control channel of each UE should be defined in UE specific subband. Thus, each control channel will be separated in frequency domain and/or time domain
· UE specific RS based control channel would not achieve wideband spreading diversity, and it would be transmitted from low power RRH.
· Considering the characteristics of UE specific RS based control channel (new control channel), it is clear that we need to provide scheduling or dynamic resource management for the new control channel to guarantee the control information reception via frequency selective fading channel. And as an attractive option, to support CRE of low power RRH, it would be better to design the new control channel to achieve large processing gain. Here are recommendable properties of UE specific RS based control channel we expect. The wireless resource to transmit UE specific RS based control channel which would be RB(s) or RBG(s), should be able to be dynamically changed  
· The number of RBs or RBGs each UE specific RS based control channel occupying can vary according to the eNB decision. 
There are some proposals which could be a solution satisfying the above recommendations which utilizing PDCCH for the new control channel resource management for example, by using hierarchical control channel structure where the control information would be divided into PDCCH part, and new control channel part [2]. That would be an attractive approach to fully utilize the gain of dynamic control channel resource allocation, but however, we expect that the solution to match the recommendable properties can be derived by reviewing the current control channel structures, and we also expect that UE specific RS based control channel can be separately used without any correlation with PDCCH. In Rel-10, we already have two kind of control channel. Considering the processing gain and the resource allocation schemes, current control channel has following features.
· PDCCH resource allocation and processing gain 
· UE specific or cell specific search space is defined. 

· Within search space, PDCCH can have various size and various processing gain can be achieved,
· UE performs blind detection to recognize the size of control channel and decode the control information. 
· R-PDCCH resource allocation and processing gain.
· Resource for R-PDCCH is signaled via RRC 
· Semi-static resource allocation is used, but the configuration can be changed via RRC

· The size of downlink grant and uplink grant is limited 

· If there is no control information, R-PDSCH or other shared channel can occupy the resource 
 In Rel-10 PDCCH, some wireless resource is defined as Cell specific or UE specific search space, and each control channel is allocated within the search space. The control channel could have various size within the search space, and various processing gain is supported via the flexible resource allocation. The reception of PDCCH mapped to various amount of physical resource is performed by blind detection at UE size. Though the flexibility of supportable processing gain is limited by the complexity of blind detection, since it would not cause any signaling issues, it would be an attractive approach even for the UE specific RS based control channel design. According to the structure of PDCCH search space, the control channel could be allocated some of the CCE defined in search space, and some flexibility is supported at the mapping of control channel to the CCE, the physical resource. We expect the similar concept could be applied for the UE specific RS based control channel. The search space could include several subband whether it is defined in cell specific manner or UE specific manner, and via blind detection, UE can achieve scheduling gain including the subband selection and the amount of RB(s) selection. And the search space would be possibly defined by high layer signal. If we can confirm that the dynamic resource allocation via several candidate subband can be performed within tolerable detection complexity, the blind detection via several candidate suband could be a baseline for the UE specific RS based control channel design. 
When we agree that search space would be defined for the UE specific RS based control channel, we would have another discussion issue, the control channel overhead and the induced restriction on PDSCH capacity. If it is confirmed that each UE can have relatively large search space within the tolerable reception complexity, each UE would achieve remarkable scheduling gain for the control information reception. However, in crowed cell, the large UE specific search space would be a large overhead and would be a restriction to the capacity of PDSCH. To achieve scheduling gain for UE specific RS based control channel without imposing severe capacity restriction to PDSCH, we would better to find a scheme adapting R-PDCCH resource management concept, ‘sharing the wireless resource between shared channel and control channel’. In each subframe, for each Rel-11 UE, search space would be defined and some of the seach space would not be used for control information transmission, if some of the UE dose not received control channel. In other case, when a UE receives UE specific RS based control channel via small processing gain and the search space is defined as UE specific, some RBs within the search space would be remained empty. To release the PDSCH capacity restriction which could be caused by imposing large search space, we would need to utilize theses empty search space or empty RBs within the search space in use’ for PDSCH transmission. Considering all the possible cases, the discussion would be categorized as 
· Utilization of empty UE specific search space for the PDSCH transmission of other UE 

· Utilization of empty RB(s) in UE specific search space for the transmission of destination UE 

· Utilization of empty RB(s) in UE specific search space for the PDSCH transmission of other UE 

3. Conclusion
 To guarantee the transmission and reception of UE specific RS based control channel via frequency selective fading channel, adaptive resource management should be supported and we could start the discussion with the concept of ‘search space and blind detection’. The search space could be cell specific or UE specific, and the search space should be defined over several RBs or RBGs to support scheduling gain for the control channel transmission. Since the search space is defined to support dynamic control channel resource management, some of the RBs or RBGs within the search space could be remained empty and we would need a discussion to utilize the reserved wireless resources. 
· To provide dynamic resource management gain to UE specific RS based control channel, we would define search space and the search space would be defined over several RBs or RBGs

· The complexity of blind detection to receive UE specific RS based control channel should be confirmed, and the size of search space should be within the tolerable reception complexity. 

· UE specific RS or control channel structure to support blind detection would be discussed
· If large search space is defined, we would need a discussion to utilize the empty search space or the empty RBs in search space for PDSCH transmission 
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