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1. Introduction
In last RAN1 meeting, some progress on ePDCCH has been made as follows:
Agreement from RAN1#69:
· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation

· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.

· FFS whether a second AP with the same precoding as the one AP may be configured. 

· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP

· A many-to-one mapping can be considered further

· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· At least for USS, a RE that collides with any other signal is not used for ePDCCH

· Coding chain rate-matching is used around:


· CRS 

· New antenna port on NCT

· Region up to the PDSCH starting position

· PBCH and PSS/SSS if ePDCCH transmission in these PRB pairs is supported 

· Around ZP and NZP CSI-RS configured for the UE receiving ePDCCH:

· Working assumption that coding-chain rate matching is used

· FFS whether anything needs to be specified in relation to PRS 

· At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16,24 or 36} (FFS, revisit on Wed to narrow down – revisit at RAN1#70) equal-sized non-overlapping resource element groups (eREG)

· Detailed design of the eREG mappings are FFS

· An eCCE is formed by grouping of multiple eREGs 

· An eCCE groups eREGs located in multiple PRB-pairs

· For localized transmission, an eCCE is transmitted in one PRB-pair 

· FFS whether an eCCE for localized transmission is formed by grouping multiple eREGs

· The number of eCCEs within a PRB pair in a normal subframe is FFS between:

· 2 or 4 depending on overhead of other signals, and 

· 3 or 4 depending on overhead of other signals, and 

· 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS

· The number of eCCEs in a PRB pair in a special subframe is FFS from 1 or 2 of {2,3,4} (FFS)

· FFS whether different special subframe configurations can have different value(s) 
· Distributed transmission should be supported also for aggregation level 1.
In this contribution, we look into more detailed aspects for eCCE design, in both localized and distributed transmission scheme. Then our observations and proposals on that are provided. 
2. ECCE design
It is common understanding that the DCIs of ePDCCH should be made up of one or multiple eCCEs, and therefore eCCE design is very important for ePDCCH. It has been agreed that ePDCCH and PDSCH are multiplexed at PRB-pair-level, and the available resource in one PRB pair for eCCE will not be fixed due to that the resources allocated for PDCCH may vary from subframe to subframe, and so may other reference signals like CSI-RS. Therefore eCCE size has been agreed to be unfixed by utilizing rate matching method. Specifically, eCCE design will be discussed in two transmission schemes, the localized and the distributed transmission in this section.

· Localized Transmission
After a lot of discussion in RAN1 about how many eCCEs should be accommodated in one PRB pair in localized transmission, 4 seems to have the advantage compared with other alternatives. Although dynamic eCCE number design is also a choice, the complexity of such design is higher and it may need more signalling to inform such information. Since 4 port DM-RS has been agreed for ePDCCH, when 4 eCCEs in one PRB pair belong to 4 different DCIs respectively, the association between eCCE and AP (antenna port) can be perfectly one to one mapping. This will be quite meaningful when 4 eCCEs are allocated to 4 different DCIs. Also 4 eCCEs in one PRB pair makes the eCCE size smaller to that of 3 eCCEs in one PRB pair, which means the eCCE’s granularity is smaller and may reduce the resource waste once one eCCE is decided not to be utilized. The defects of small granularity are possibly not sufficient for some DCIs, while such problem can be solved by using higher aggregation level instead. 
The following figure shows an example of the RE mapping for 4 eCCEs in one PRB pair.
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Figure 1.  An example of RE mapping for 4 eCCEs in one PRB pair in the case of 2 PDCCH OFDM symbols.
(a) Localized RE mapping for each eCCE. (b) Distributed RE mapping for each eCCE.
The above figure shows two RE mapping ways for eCCE. One is localized RE mapping for each eCCE, which divides the available REs in one PRB pair into 4 localized parts by frequency, i.e. the available REs are allocated in 3 continuous subcarriers, and 4 eCCEs are frequency multiplexed in one PRB pair, as in Figure 1 (a). The beamforming and frequency selective gain can be greatly explored in this way while the size of each eCCE in one PRB pair may differ from each other, since the RS location and the diversity gain cannot be obtained. Another way is distributed RE mapping for each eCCE, which makes the REs of one eCCE allocated uniformly in one PRB pair as in the Figure 1 (b). This mapping tries to obtain the diversity gain for each eCCE, and the frequency selective gain may not be degraded too much since the eCCEs are still located in one PRB pair. Thus, either localized or distributed RE mapping may perform better in different scenarios.
Observation: Both localized RE mapping and distributed RE mapping should be supported, and which one should be applied depends on the specific scheduling of eNB in different scenarios.  
When designing the RE mapping for eCCE, a dictionary way can be applied. It means that the RE mapping can be decided just like looking up a dictionary according to different scenarios, which is like the CRS pattern design. Generally, two main factors, the PDCCH OFDM symbol number and the RS pattern in a subframe, result in the fact that the available RE number for ePDCCH in one PRB pair are unfixed and moreover the eCCE size is unfixed. The PDCCH OFDM symbol quantity can be 1, 2 or 3 in one subframe. CRS is typically 1, 2 or 4 ports, and CSI-RS occupies 4 REs in one subframe every few milliseconds. Therefore, the scenarios are countable and designing RE mapping for eCCE as a dictionary way is feasible, which we can design the RE mapping pattern for each scenario. Then the eNB and the UE can both store such mapping pattern for resource scheduling and eCCE detection respectively. The constructive way for RE mapping is also an alternative. However such construction principle design seems to be quite complicated, when considering different scenarios, distributed mapping for diversity gain and so on. In this case, either UE or eNB will waste some additional computation efforts, which is not that straightforward as looking up a dictionary.
Proposal: RE mapping design should be a dictionary way, with designing the RE mapping pattern according to each possible scenario. 
It seems that the concept of eREG becomes less important for the localized eCCE design. If eREG is designed, eREG is in fact a smaller unit for DCI. Also the available resource for ePDCCH will vary from subframe to subframe, which means the eREG number in one PRB pair will also vary accordingly. Therefore if designing fixed size eREG and fixed number of eREGs forming an eCCE, either resource fragment or insufficient eREGs for eCCE will occur in some subframes. Since we have done well with the eCCE design in each PRB pair, the eREG design seems unnecessary for localized eCCE transmission scheme.

Observation: eREG design seems unnecessary in each PRB pair in localized eCCE transmission scheme.
· Distributed Transmission

The distributed transmission means one eCCE should be transmitted in multiple PRB pairs to obtain the diversity gain, which is also agreed to be supported in eCCE design. The eREG design thus becomes a key issue, which is a smaller resource unit granularity to carry DCI, and multiple eREGs form an eCCE. In PDCCH, REG is a 4 REs group, while eREGs will not necessarily be designed with 4 REs. The eREG size design depends on how many PRB pairs the eREGs of one eCCE should occupy and how many eREGs one PRB pair can accommodate. 
For the first issue, 2-9 may be the alternatives. In PDCCH, 9 REGs form one CCE. If we insist on that one eCCE is formed by 9 eREGs, and they are accommodated in 9 PRB pairs respectively, the diversity gain will be explored greatly. However, the demodulation process will perform 9 times for one eCCE, which will cost great computation efforts and time. If the eREGs of one eCCE will be located in 2 PRB pairs, the diversity gain may not be fully explored although the computation efforts can be reduced accordingly. Therefore, to compromise between the computation efforts and the anticipated diversity gain, 3 or 4 PRB pairs can be a proper choice for the eREGs of one eCCE to be located in. 

Proposal: The eREGs design in one PRB pair of one eCCE should better be located in 3 or 4 PRB pairs.

For the second issue, the number of eREGs one PRB pair can accommodate will not be an easy design. Because the available resource for ePDCCH will vary from subframe to subframe, which means the eREG number in one PRB pair will also vary accordingly. Generally, we consider fixed size eREG design. In one PRB pair, the potential quantity of available REs are 144 (discard the 24 DM-RS). Then we divide these resources into multiple eREGs and number them from 1 to N, where N is the total number of the required eREGs. Such division should better be a fixed way so that eNB and UE can save the signalling. In this case, some eREGs may be occupied by PDCCH, CRS or CSI-RS in some subframes and such resource will not be scheduled by eNB for ePDCCH in that subframe. Since too small granularity will increase the eREG design complexity, and too big granularity will also cause the resource waste problem once one eREG is decided unused, 4 REs forming one eREG, which is the size of REG in PDCCH, is a proper alternative to supply enough scheduling flexibility and not cost too much resource fragment. Note that, as mentioned above, some REs of the one eREG can possibly be occupied in some subframes, and such REs will not be used for ePDCCH at all. Thus, the size of one eREG may be 4 or smaller than 4, and the eCCE size can also be unfixed like the case used in localized transmission.
Proposal: EREG size is proposed to be fixed as 4, although practically the size can be smaller than 4 due to the occupation by other signals like PDCCH, CRS and CSI-RS.
3. Conclusions
In this contribution, we discussed some aspects of eCCE design based on the agreed ePDCCH design principles, and some observations are listed below.
Regarding the localized transmission for eCCE, we have the following proposals/observations:
Observation: Both localized RE mapping and distributed RE mapping should be supported, and which one should apply depends on the specific scheduling of eNB in different scenarios.  
Proposal: RE mapping design should be a dictionary way, with designing the RE mapping pattern according to each possible scenario. 

Observation: eREG design seems unnecessary in each PRB pair in localized eCCE design.
Also we have some proposals for distributed transmission of eCCE as follows:

Proposal: The eREGs design in one PRB pair of one eCCE should better be located in 3 or 4 PRB pairs.
Proposal: EREG size is proposed to be fixed as 4, although practically the size can be smaller than 4 due to the occupation by other signals like PDCCH, CRS and CSI-RS.
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