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1. Introduction
In RAN1#68, the following about reference signal design in ePDCCH has been agreed:

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.
Some observations from RAN1#68 are:
· Further study is needed for example:

· How to determine AP(s) to use ePDCCH detection

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

· If and how to support the spatial diversity for distributed transmission

· If and how to use ePDCCH signature for ePDCCH detection

And the design should base on the agreement from RAN1#67:

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 enhanced 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

Working assumption from RAN1#67:

· There are no cases where CRS is used for demodulation of the enhanced control channel.

Additionally, multiplexing of PDSCH and ePDCCH is not permitted, which makes sure the DMRS should all be used by ePDCCH if the original legacy PDSCH region in one PRB pair is allocated for ePDCCH. In this contribution, we discuss about the considerations of REs mapping design for ePDCCH based on above agreements.
2. EPDCCH DMRS Design Consideration
EPDCCH will be allocated in legacy PDSCH region and would be better to perform a proper transmission scheme, such as beamforming and transmission diversity according to the scenarios, to obtain the frequency selective gain. It is agreed to reuse R10 DMRS as much as possible, and also as agreed in the RAN1#68 meeting, at least for localized transmission of ePDCCH, single layer transmission is supported, where port 7, 8, 9 and 10 are preferred, and high order rank transmission is FFS. 
A natural way to design the ePDCCH DMRS is to fully reuse the R10 design of DMRS, where REs of DMRS of antenna port 7, 8, 9 and 10 are all reserved. One of the merits for this is that it can be easily extended if multiple layer transmission of ePDCCH is support in the future. Such reutilization will also save great efforts comparing to designing the new pattern of DMRS. Additionally, when DMRS pattern is unchanged from subframe to subframe, the design for the following ePDCCH will be simpler, such as eCCE design.

However one of the defects for above design is that it may result inefficiency in utilizing the REs for ePDCCH, since supporting of only single layer transmission will make half of the DMRS resources wasted in one subframe. As shown in Fig 1(a), an example with 2 antenna port CRS pattern in one subframe, there are totally 108 available REs (without CRS and DMRS) for ePDCCH transmission. 24 REs in one subframe for DMRS in ePDCCH when assuming 2 OFDM symbols for legacy PDCCH, while half of these REs will be not taken advantage of when applying single layer transmission, which means there can be potentially 12/108*100%=11.1% RE resource increase for ePDCCH transmission. 
To make more efficient usage of RE resource for ePDCCH, one alternative way is to only reserve DMRS of antenna port 7, 8 or 9, 10 in one subframe, as shown in Fig 1 (b). For such a way,,the extentation to multiple layer transmission for ePDCCH will be not that easy  And other potential impacts, e.g. on the quality of channel estimation, still need further investigation. 
Observation: It is better to reuse R10 DMRS pattern of antenna port 7, 8, 9 and 10  in one subframe.
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Fig 1. (a) Fully reuse the R10 DMRS of Antenna Port (AP) 7, 8, 9 and 10. (b) Efficient way to utilized ePDCCH REs by designing DMRS of only AP 7, 8. (Based on 2 CRS antenna ports)
3. ECCE Size
In R10, DCI is carried by multiple CCEs, which is made up of 9 RE groups, totally 36 REs.  Fixed size of CCE and 4 kinds of aggregation levels make it possible for UE to perform only finite number of blind detections to acquire its corresponding DCI. For ePDCCH, it has been agreed that R10 PDCCH mechanism is mature and should be reused as much as possible when extended to ePDCCH. It seems that more companies prefer to reserve the concept of CCE, while the size of CCE may change for the reason that CCE should better not be allocated in more than 1 PRB pair. Therefore, eCCE concept is raised, whose design should accord to the design of ePDCCH.
If agreeing with the fixed size eCCE, an important problem is what this fixed size is. Assuming there is legacy PDCCH region, which occupies the first 2 OFDM symbols in one subframe. According to the agreement that PDSCH and ePDCCH should not be multiplexed in one PRB pair, which implies if one PRB pair is allocated for ePDCCH, all the available REs make up of integral number of eCCEs. As shown in Fig 1 (a), also assume DMRS is exact the R10 DMRS of antenna port 7, 8, 9 and 10, where there are totally 108 available REs for ePDCCH. When splitting ePDCCH region into 3 eCCEs by localized way also shown in Fig 1 (a), with each of eCCE occupies 4 subcarriers, it can be calculated that the first 2 eCCE contains 37 available REs respectively, and the last eCCE only includes 34 available REs because of 3 more CRS symbols. This results in different sizes of eCCE. 
To handle this, potentially the 3rd eCCE can borrow 1 RE respectively from the other two eCCEs to make the 3 eCCE have the common size. However this method needs UE to refer to the other two DMRS for channel estimation only for the sake of 2 REs. Another way is to equally dividing the available REs into 3 eCCE and these 3 eCCEs interleave in the whole available REs. This seems a good solution, and each eCCE has the common size of 36 REs, the same size with that of legacy CCE. When splitting the PRB pair into 2 or 4 parts for eCCE, the situation is similar.
However, it should also be realized that the number of OFDM symbols legacy PDCCH occupies will possibly change between different subframes, which will also result in the problem of different quantities of available REs and further different eCCE sizes. Because the difference of the number of available REs for ePDCCH between different subframes must be 12n REs, where n=0, 1 or 2. For example, when OFDM symbols for PDCCH is indicated by PCFICH from 2 to 1 in one subframe, there will be 12 more available REs, while these REs cannot be used since the size of eCCE is fixed as 36. To overcome this, one natural design of eCCE size is 12 REs for 1 eCCE, which is greatly different from legacy CCE size. The merit of such design is that it can make sure each PRB pair can accommodate exact integral number of eCCEs no matter how many the OFDM symbols of legacy PDCCH is and also without worrying about the case some eCCE has to span in two PRB pairs. For this method, aggregation level should be carefully and cooperatively designed, which may not be the traditional 1, 2, 4 and 8. Even for this, when we encounter the case of requiring CSI-RS, the pattern will also change, and the eCCE size is quite difficult to set fixed. Therefore, we have the following observations:
Observation: It is difficult to define fixed eCCE size.
Given unfixed eCCE size, ePDCCH can also be designed well. eCCE can be defined as follows: Split legacy PDSCH region, which will be used for ePDCCH, into 3 parts. The whole 12 subcarriers are equally divided, and each of these parts occupies 4 continuous subcarriers. These 3 resource parts are defined as eCCEs. Fig 1(a) shows an example of this. In this way, 3 eCCEs may not have the common RE quantity, while at least they are known once the RS pattern and legacy PDCCH OFDM symbols are confirmed. Therefore, blind decoding can also perform in these eCCEs when they carry DCIs in them, since the principle of blind decoding in PDCCH is also the similar way, blind decoding in the known resources. Comparing to the blind decoding in PDCCH, the addition complexity seems only computing the total REs of certain aggregation level before blind decoding. Therefore, we have following observations:
Observation: eCCE can be designed with unfixed size without too much additional complexity.

4. Conclusions
In this contribution, we discussed REs mapping design for ePDCCH. 
Regarding DMRS for ePDCCH, we have following observation:
· It is better to reuse R10 DMRS pattern of antenna port 7, 8, 9 and 10  in one subframe.
Regarding eCCE size, our observations are as follows:
· It is difficult to define fixed eCCE size.

· eCCE can be designed with unfixed size without too much additional complexity.
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