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1. Introduction
In last RAN1 meeting, the following are agreed:
Agreement from RAN1#68bis:
· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission
· Rank-2 SU-MIMO is not supported for a single blind decoding attempt;

Also some relevant agreements from previous RAN1 meetings are listed below:

Agreement from RAN1#68
· At least for the E-PDCCH transmission that supports localized transmission

· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS

· rank 3 and 4 SU-MIMO is not supported

Agreement from RAN1#67:

· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS
In this contribution, we look into some aspects of eCCE design and the transmission mode designs of ePDCCH based on the agreed ePDCCH design principles, and show some of our observations on it. 
2. ECCE design
The design of ePDCCH should reutilize the scheme design of legacy PDCCH and the using resources are part of legacy PDSCH resource, which is currently the consensus in RAN1. In legacy PDCCH, the DCIs are carried by quantities of CCEs, which are the composing units of resources used by DL control channels. One CCE is made up of 9 REGs, which are 36 REs totally. CCE size is fixed, and different aggregation levels can carry various DCIs. 
In ePDCCH design, we should also design such resource unit called eCCE. However it will not be that easy to simply extend CCE to eCCE. As been agreed, DM-RS based beamforming will be the main transmission mode for ePDCCH. The design problem on whether one eCCE can be distributed only in one PRB pair or can be distributed in multiple PRB pairs should be discussed first. If one eCCE can be distributed in multiple PRB pairs, the eCCE size can be designed fixed, the same as CCE, 36 REs in one eCCE. However, the decoding of such eCCE should be the combination of decoding the corresponding sub-parts of the eCCE in these multiple PRB pairs respectively, and thus the processing delay may be longer comparing to that in one PRB pair when performing blind decoding scheme. If one eCCE is designed distributed in only one PRB pair, it means that 3 or 4 eCCEs can be included in one PRB pair. As the number of legacy PDCCH OFDM symbols possibly changes, the eCCE size should be designed unfixed, or the resource will be wasted or not enough in one PRB pair when we set the eCCE size fixed. Such design makes the decoding of one eCCE performed in one PRB pair and thus doesn’t increase the processing delay and the complexity relatively. Varying size is not a key problem, and rate matching can make it possible. Also allocating one eCCE in one PRB pair can somehow simplify the searching space design. However the frequency diversity gain for one eCCE cannot be obtained in this design, and this is especially important for aggregation level 1 since the frequency diversity gain from multiple eCCEs allocating in different frequencies can somehow compensate in other aggregation levels. Therefore we have the following observation:
Observation: Allocating one eCCE in one PRB pair can simplify the processing and also simplify the search space design comparing to allocating one eCCE in multiple PRB pairs. However the lost of frequency diversity may occurespecially in aggregation level 1.
As we prefer to design the eCCE size unfixed, naturally eCCE can be defined as some RE set, which can be generated by PCFICH information, PRB pair No., allocation manner and also some other such information. Detailed design should be FFS while one problem to be solved is how many eCCEs should be included in one PRB pair. As been agreed, antenna port (AP) 7, 8, 9 or 10 will be utilized for ePDCCH transmission. The design of 4 eCCEs in one PRB pair is an alternative. If we do not change the aggregation level (AL), 1, 2, 4 and 8 currently for PDCCH, such design makes it convenient to localize two DCIs of AL=2 or one DCI of AL=4 in one PRB pair, and also 4 eCCEs can fully associate to the 4 APs accordingly, which is also convenient for designing implicit indication of the association between CCEs of different ALs and different APs. One defect of such design is one eCCE may include around 28 REs, which can hardly say comparable to the CCE size, and therefore the aggregation level should possibly be re-designed to satisfy the performance requirement, while this should not increase the total number of UE’s blind decoding. 3 eCCEs design in one PRB pair is another alternative, and the size of per eCCE is around 38 REs, which is comparable to that of CCE. Therefore the aggregation level design can be the same as legacy PDCCH. In the sense of designing the association of eCCEs and APs, this design is less convenient than 4 eCCEs design. Another point is eCCE granularity of 3 eCCEs design is larger than that of 4 eCCEs design, and the resource waste will be severer once some eCCE will not be utilized since some search space design principle.
Observation: The design of 4 eCCEs in one PRB pair should be supported, while it should be considered whether AL=1, 2, 4 or 8 can also be enough since the eCCE’s granularity potentially decreases.
3. EPDCCH Transmission Schemes
As been agreed, ePDCCH should base on DMRS in case there may be no CRSs in some scenarios. Beamforming should be one important choice since this can obtain beamforming gain and frequency selective gain, while DMRS-based transmission diversity should also be an available choice.
· Beamforming
Close loop beamforming (CL) and open loop beamforming (OL) both can be the candidates for single layer DMRS-based beamforming. When CQI feedback is available, close loop beamforming may perform better. Inversely, when CQI feedback is not available, e.g. transmission environment changes quickly, open loop beamforming should be utilized to make the system more robust. Open loop manner can randomly or circularly choose code book for beamforming.
· DMRS based transmission diversity

Open loop MIMO serves as a robust transmission scheme comparing to close loop MIMO, while a more robust way is transmission diversity, since whether open loop MIMO beamforming can perform well is still not clear with low aggregation level although it seems well-performed for high aggregation level and distributed transmission [1]. For ePDCCH, DMRS-based SFBC can be the choice for transmission diversity, where DMRS will be viewed as a common RS and will not do precoding. SFBC needs RE pair in the frequency domain. 
These transmission schemes make the ePDCCH transmission more robust in various scenarios. However, one problem is the potential increasing of UE’s blind decoding if these transmission schemes can be used simultaneously. One alternative solution is indicating UE which scheme should be used in each slot through signalling. Higher layer signalling can be used, while the bad aspect is also long indicating period and also the ambiguous time slots around signalling transition. Another way is implicitly indicating the transmission scheme, e.g. different transmission schemes correspond to different aggregation levels of DCI. Anyway, the following principle should be supported: clearly indicating the transmission scheme either through explicit signalling or implicitly indicating and not increasing the ePDCCH blind decoding.
Observation: If beamforming and DMRS-based SFBC can both be the alternatives of ePDCCH transmission schemes, the following principles should be supported: clearly indicating the transmission scheme and not increasing the ePDCCH blind decoding.
In DMRS based SFBC, RE pairs in the frequency domain are needed, and from this point distributed mapping of different eCCEs in one PRB may be proper, since localized manner may lead to more REs which cannot form RE pairs. For localized manner (eCCEs in one PRB pair occupy continuous time and frequency resources respectively, in FDM manner), the available resources of different eCCEs in one PRB pair will be different since the RS cannot be uniformly allocated in each eCCE no matter 3 or 4 eCCEs are in one PRB pair. If such eCCE needs to transmit in SFBC manner, the number of the wasted REs will not be neglected. In contrast, distributed mapping of different eCCEs in one PRB pair can overcome this, shown in the figure. This manner 
 Observation: If DMRS based SFBC is supported as an ePDCCH transmission scheme, distributed mapping of different eCCEs in one PRB pair seems more proper for it.
4. Conclusions
In this contribution, we discussed some aspects of eCCE design and the transmission mode designs of ePDCCH based on the agreed ePDCCH design principles, and some observations are listed below:

Regarding eCCE design, we have the following observations: 
Observation: Allocating one eCCE in one PRB pair can simplify the processing and also simplify the search space design comparing to allocating one eCCE in multiple PRB pairs. However the lost of frequency diversity may occur especially in aggregation level 1.
Observation: The design of 4 eCCEs in one PRB pair should be supported, while it should be considered whether AL=1, 2, 4 or 8 can also be enough since the eCCE’s granularity decreases.
Regarding the transmission scheme of ePDCCH, our observations are:

Observation: If beamforming and DMRS-based SFBC can both be the alternatives of ePDCCH transmission schemes, the following principles should be supported: clearly indicating the transmission scheme and not increasing the ePDCCH blind decoding.
Observation: If DMRS based SFBC is supported as an ePDCCH transmission scheme, distributed mapping of different eCCEs in one PRB pair seems more proper for it.
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