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1. Introduction

During the study item period of Rel-11 CA and CoMP, we agreed that the capacity of control channel should be increased. As a promising method increasing control channel capacity, we agreed to discuss the defining and the utilizing of E-PDCCH. At the last meeting, we agreed the requirements and the necessary considerations for the E-PDCCH design that E-PDCCH should be 

· able to support increased control channel capacity

· able to support frequency-domain ICIC

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes
· able to coexist on the same carrier as legacy UEs
The capacity enhancement of control channel would be the final goal of E-PDCCH design, and to achieve the object, all the other characteristics described above should be satisfied. We expect that frequency division multiplexing should be a baseline for E-PDCCH design, and the frequency-domain ICIC could be implemented via FDM among the UEs belonging to different cells. Spatial reuse would be supported by MU-MIMO based or CoMP based E-PDCCH multiplexing, and the SDM based multiplexing or beamforming would be definitely supported since E-PDCCH transmission and reception is based on DM RS.
 Though CSI based beamforming and beamsforming based SDM would be valid to achieve capacity enhancement, the utilization would be limited since high mobility UE would not achieve beamforming gain or SDM with other UE. In this contribution, to support capacity enhancement, we discuss the frequency diversity transmission of E-PDCCH and we also discuss the related issues, E-PDCCH multiplexing and the search space design. 
2. E-PDCCH transmission and multiplexing schemes  
Since E-PDCCH should be able to deliver the control information via frequency selective fading channel or time varying channel, E-PDCCH needs to achieve scheduling gain by frequency selective transmission, or E-PDCCH needs to achieve frequency diversity gain by mapping on multiple physical resources which show different channel states. Since E-PDCCH transmission and reception is based on DM RS, UE specific E-PDCCH resource allocation or mapping would be supported, and to support UE specific E-PDCCH resource allocation, non-interleaved R-PDCCH resource allocation scheme would be a baseline for E-PDCCH. If we confirm the necessity of E-PDCCH interleaving, we would need to support the interleaving to be performed within UE specific region which is selected by E-PDCCH scheduling. 
Proposal 1: non-interleaved E-PDCCH would be a baseline. If E-PDCCH interleaving is required, we can discuss the interleaving within the scheduled UE specific resources. 
If blind detection is accepted for E-PDCCH, UE should check pre-defined E-PDCCH region by blind detection, and the size of E-PDCCH resource has impact on blind detection complexity. It would be needed to restrict the blind detection complexity as low as possible, and it would be rquired to desgin E-PDCCH resource as small as possible while E-PDCCH region should be defined being possible to provide frequency selective/diversity gain. Thus, we would need to distribute E-PDCCH resource over system band instead of localizing the resource, and further discussion for the E-PDCCH scheme would be based on this assumption.
Proposal 2: If E-PDCCH resource allocation should be considered for E-PDCCH design, it would be assumed that E-PDCCH resources are distributed over downlink system bandwidth.

As a base assumption, E-PDCCH region of each UE would be distributed over downlink system band, the resources would be defined by UE specific signal, and some of the resource or all the resource defined for each UE’s E-PDCCH transmission could be overlapped. If each UE reports subband CSI, eNB will select the resource for each E-PDCCH transmission according to reported CSI, and proper aggregation level would be determined according to the size of control information or the channel quality. When the overlapped resources are preffered by multiple UE, spatial multiplexing would be performed among the overlapped E-PDCCH. The maximum layer of each E-PDCCH would be FFS.
In the last meeting, it was noticed that eNB would need to send E-PDCCH not only to low mobility UE but also to high mobility UE [3]. For high mobility UE, due to the fast fading or the inaccuracy of reported CSI, it would not be easy to provide frequency selection gain, and frequency diversity gain would be more easily achieved. For the E-PDCCH targeting high mobility UE, the reported CSI would not be accurate enough to support spatial division multiplexing, and we need to define another multiplexing scheme or we would not allow the resource sharing for the high mobility UE. It should be notice that to achieve sufficient frequency diversity gain, according to the frequency selectivity of channel and the distribution of E-PDCCH resource, two or higher aggregation levels should be required, and E-PDCCH could be possibly suffered by capacity limitation if E-PDCCH resource sharing is not supported for high mobility UEs.
Though beamforming based spatial division of E-PDCCH would not be possible for high mobility UE, code division multiplexing would be valid, and it would be better to apply CDM with time domain code spreading than frequency domain code spreading, since time domain code spreading can support the multiplexing of E-PDCCH having different aggregation levels. Figure 2 shows an example of E-PDCCH transmission with time domain code spreading and code division multiplexing.
Proposal 3: If E-PDCCH resource allocation should be considered, we start the discussion with the assumption that E-PDCCH resource of each UE is distributed over downlink system bandwidth. 

Proposal 4: E-PDCCH multiplexing can be performed either by spatial multiplexing or code division multiplexing.
Figure 1. E-PDCCH transmission supporting frequency selectivity/diversity gain.
[image: image1.emf]
Figure 2. E-PDCCH multiplexing with code based separation
 [image: image2.wmf] 

time

f

r

e

q

u

e

n

c

y

multiplexing

time

f

r

e

q

u

e

n

c

y

multiplexing

Time domain spreading

Frequency domain spreading

E

-

PDCCH with 

time domain speading

E

-

PDCCH with 

frequency domain spreading


3. E-PDCCH resource mapping and search space design
If both spatial division based and code division based multiplexing is used for E-PDCCH transmission, according to the supported multiplexing scheme, E-PDCCH would have different frame structure and the E-PDCCHs with different frame structure could not be mapped on the same resources. In other words, the resource used to send any UE’s E-PDCCH which supports CDM should not be overlapped with the resource of other UE’s E-PDCCH supporting SDM, and this can be implemented by separating E-PDCCH resource of each UE into two non-overlapped parts, one is for the SDM based E-PDCCH, and the other one is for CDM based E-PDCCH. 
E-PDCCH resource allocation would be UE specific and the exact allocation would be an implementation issue which would rely on eNB decision. However, it is clear that the frequency diversity gain would depend on the aggregation level and the distribution of E-PDCCH resource, and we could possibly discuss as a specification issue how to defined E-PDCCH resource, search space or the aggregation level. Figure 3 shows an example how to reduce aggregation level for CDM supporting E-PDCCH. Since frequency diversity gain can be achieve by transmitting E-PDCCH via frequency selective fading channel, if RBs distinct in frequency domain are used for E-PDCCH transmission, compared with the case where the closely spaces RBs are used, less aggregation level would be enought to achieve the same diversity gain.Better diversity gain for E-PDCCH would be achieved by proper search space design or the proper mapping rules.
As another method to reduce the blind detection complexity for E-PDCCH, if the complexity reduction is required, we would limit the aggregation level which can be used for SDM or CDM. When SDM is used, eNB would expect to achieve frequency selective scheduling gain, and the gain would be reduced as the resolution of band selection decreases. Thus, the selection gain would decrease as aggregation level or the band aquired by E-PDCCH increases, and we would not expect that the high aggregation level would be frequently used for SDM supporting E-PDCCH. 
Figure 3. E-PDCCH mapping for frequency diversity gain 
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Proposal 5: E-PDCCH region supporting CDM or SDM should be separated for each UE 

Proposal 6: For E-PDCCH resource allocation or search space design, achievable diversity gain should be considered.
Proposal 7: If E-PDCCH blind detection complexity should be kept low, we would prevent large aggregation level for SDM based E-PDCCH transmission. 

4. Conclusion 
According to the channel characteristics or CSI reporting of each UE, eNB would schedule E-PDCCH transmission with the expectation of achieving frequency selectivity gain or frequency diversity gain. To support resource sharing and multiplexing, either SDM or time domain CDM would be used, and E-PDCCH would have different frame structure according to the multiplexing schemes. Here we propose following concepts.

Proposal 1: non-interleaved E-PDCCH would be a baseline. If E-PDCCH interleaving is required, we can discuss the interleaving within the scheduled UE specific resources.

Proposal 2: If E-PDCCH resource allocation should be considered for E-PDCCH design, it would be assumed that E-PDCCH resources are distributed over downlink system bandwidth.

Proposal 3: If E-PDCCH resource allocation should be considered, we start the discussion with the assumption that E-PDCCH resource of each UE is distributed over downlink system bandwidth.

Proposal 4: E-PDCCH multiplexing can be performed either by spatial multiplexing or code division multiplexing

Proposal 5: E-PDCCH region supporting CDM or SDM should be separated for each UE.
Proposal 6: For E-PDCCH resource allocation or search space design, achievable diversity gain should be considered.
Proposal 7: If E-PDCCH blind detection complexity should be kept low, we would prevent large aggregation level for SDM based E-PDCCH transmission. 
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