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1. Introduction
In the contribution, we discuss about the concept of E-PDCCH CCE. Unlike the CCE for the legacy PDCCH, E-PDCCH CCE is specific to the E-PDCCH structure and we use the term E-CCE (E-PDCCH CCE) rest of this contribution. We discuss about the design of E-CCE associated with the PRB-pair for the two multiplexing mode, i.e. non-interleaved mode and REG-level interleaved mode. Thereafter, we also consider for the PRB-pair partitioning in the time domain
2. Discussions
E-CCE is the unit for the construction of E-PDCCH, and one E-PDCCH is composed of one E-CCE or multiple E-CCEs aggregated together. For the multiplexing of E-PDCCH DCI messages, either the REG-level interleaved mode or non-interleaved mode can be considered [1]. An E-CCE is entirely allocated within one PRB-pair for non-interleaved mode. If the E-CCE is REG-level interleaved, the E-CCE is split into multiple REGs, interleaved with REGs from the E-CCEs used for other DCI, and then spread into multiple PRB-pairs.
E-CCE design for the REG-level interleaving mode

As an E-CCE does not belong to only one PRB-pair, we need no effort to put the E-CCE into one PRB-pair in the time/frequency resource allocation aspects. Therefore the E-CCE using the REG-level interleaving mode can have the same structure and the resource allocation method by reusing the legacy PDCCH CCE which consists of 36 REs which is equivalent to 9 REGs each of which consists of 4 REs from a PRB pair. We note that this is consistent with R-PDCCH with cross-interleaving which also reuses the REG and CCE structure of legacy PDCCH.
Proposal 1: 

· The E-CCE for the REG-level interleaved mode has the same structure as the legacy PDCCH case which consists of 36 REs which is equivalent to 9 REGs each of which consists of 4 REs from a PRB pair. 

E-CCE design for the non-interleaving mode 

In the non-interleaving case, one E-CCE is made by aggregating a set of REs from one PRB pair. In other words, REs in each PRB pair are partitioned into several E-CCEs. In contrast to REG-level interleaving where the existing CCE and REG structure can be reused, the size of an E-CCE for the non-interleaved mode is determined by the subframe configurations, e.g. cyclic prefix length, number of legacy PDCCH symbols, RS existing in the subframe (CRS, UE-specific RS, CSI-RS, etc), and DwPTS length in TDD special subframe during the partition process. Therefore, the number of E-CCEs and the size of each E-CCE should be adaptively adjusted according to the given subframe configuration. One PRB-pair has a maximum of 168 REs in the normal CP mode and 144 REs in the extended CP mode. Considering the type of RS, legacy PDCCH and CP mode, the number of effective REs ranges from 65 to 156 in the normal CP case and  from 44 to 100 in the extended CP case (we excluded  the special subframe configurations where DwPTS consists of only 3 symbols). Putting together the normal subframe configurations and special subframe configurations, the minimum number of REs is 44 which is close to the 1 legacy CCE size and the maximum number of REs is 156 which is close to the 4 legacy CCE size. Therefore, we propose to divide one PRB pair into 1~4 subsets according to the effective REs determined by the subframe configurations and define each subset as an E-CCE in the non-interleaved mode. 
The size of E-CCE is variable according to the subframe configuration but the amount of information which is contained in each E-CCE is same as existing CCE. Then the size should be maintained similar to the size of existing CCE. One possible way is to introduce the upper and lower bound of the E-CCE size so that the number of REs in an E-CCE is kept around 36 REs. Further study is needed on how to determine the number of E-CCEs and the E-CCE size.
Proposal 2: 
· The number of E-CCE within one PRB-pair and the size of E-CCE can be changed according to the subframe configurations.

Proposal 3: 

· It is desirable to keep the variable E-CCE size similar to the legacy CCE size.
Time domain partition of a PRB-pair

The method of allocation of E-CCEs into the PRB-pair should be also defined after the number of E-CCE and the size of E-CCE is determined. We can consider either TDM or FDM multiplexing (or even spatial domain multiplexing). From the viewpoint of TDM, two alternatives can be considered according to DL assignment placement for E-PDCCH in associated with the PDSCH decoding time budget [3]. If the DL grant message occurs only in the first slot, the decoding process for the DL grant can be started shortly after the end of the first slot. However, if the DL grant message is transmitted in the second slot, decoding process cannot be started until the DL grant in the second slot is entirely received. Considering the decoding timing budget, we can think of the time domain partition of a PRB-pair in two ways. If the size of the PDSCH is large (i.e. it takes much processing time for data demodulation), the DL grant for this PDSCH is allocated in the first time slot. On the other hand, if the E-CCE is used for the DL grant that assigns the small size of PDSCH or UL grant which the UE does not demodulate the related PUSCH data and performs uplink data transmission only, it is appropriate to be allocated in the second slot.
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Figure 2: Time domain partition of a PRB pair
Proposal 4: 

· The E-CCE in the first time slot is used for large PDSCH scheduling.
Proposal 5: 

· The E-CCE in the second time slot is used for small PDSCH or PUSCH scheduling.
3. Conclusion

In this contribution, we discussed on the concept of E-CCE (E-PDCCH CCE). From the discussion, we can conclude as follows:
Proposals: 

· The E-CCE for the REG-level interleaved mode has the same structure as the legacy PDCCH case which consists of 36 REs which is equivalent to 9 REGs each of which consists of 4 REs from a PRB pair. 

· The number of E-CCE within one PRB-pair and the size of E-CCE can be changed according to the subframe configurations.

· It is desirable to keep the variable E-CCE size similar to the legacy CCE size.
· The E-CCE in the first time slot is used for large PDSCH scheduling.
· The E-CCE in the second time slot is used for small PDSCH or PUSCH scheduling.
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