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1
Introduction
In RAN1 #68bis meeting, a WF [1] proposed eREG and eCCE definition as following:

· The REs in each PRB pair are divided into N non-overlapping resource element groups (eREG)

· The fixed value of N and detailed design of the eREGs are FFS

· eCCE is formed with multiple eREGs for both localized and distributed transmissions

· eREG nominal size is fixed and smaller than eCCE

· An RE in eREG that collides with any reference signal is not used which may reduce available REs for eREG

· The same eREG definition is used for both localized and distributed ePDCCH

· FFS for exact nominal eREG size

· An eCCE for localized transmission

· eREGs located in the same PRB-pair are mapped

· An eCCE for distributed transmission

· eREGs located in multiple PRB-pairs are mapped

However, RAN1 couldn’t reach a consensus for the WF after lengthy discussion in the previous meeting. Therefore, in this contribution, we further discuss on the details of eREG/eCCE definition based on the WF.
2
Motivations of eREG
The minimum ePDCCH resource unit has been discussed in line with ePDCCH transmissions such as localized and distributed transmission. So far, two alternatives have been proposed for ePDCCH minimum resource unit such as eREG and eCCE [1]-[3], where it is commonly assumed eCCE as a search space unit as similar with CCE in Rel-8 PDCCH. Considering that both localized and distributed transmissions are supported in ePDCCH and the search space for both transmissions could be configured in the same subframe, it is beneficial to use the same resource unit regardless of the ePDCCH transmissions.

Proposal-1: the same minimum resource unit for ePDCCH should be used for both localized and distributed transmissions.

In general, a localized transmission is targeted to achieve frequency selective scheduling and beamforming gain so that it seems natural to transmit an ePDCCH in the same frequency location as much as possible. On the other hand, the distributed transmission is targeted for frequency diversity gain and this type of transmission is beneficial in the cases including high mobility, no CSI feedback, fall-back, and broadcasting. Note that legacy PDCCH may not be available in non-backward compatible carrier which is potentially deployed as stand-alone carrier in a future release. Therefore, it is important to robustly design ePDCCH distributed transmission. The above-mentioned cases for which ePDCCH distributed transmission provides gain also frequently happen for high geometry UEs. Therefore, the distributed transmission should be optimized for low aggregation levels as well.

Proposal-2: the ePDCCH distributed transmission should be optimized for low aggregation level.

In order to defined common minimum ePDCCH resource unit for both localized and distributed transmission and guarantee the distributed transmission performance for low aggregation levels including aggregation level 1, a smaller resource unit such as eREG needs to be defined like REG in Rel-8 PDCCH and multiple eREGs can be aggregated to form an eCCE, and the multiple eREGs can be located in a localized manner or distributed manner according to ePDCCH transmission. Therefore, frequency selective scheduling gain or frequency diversity gain can be obtained according to eREG aggregation method and the frequency diversity gain could be optimized even for one eCCE aggregation level.

Proposal-3: eREG should be defined as a common minimum resource unit for ePDCCH.

3
eREG/eCCE Definition
eREG Definition
A fixed number of eREGs can be defined in a PRB-pair regardless of the number of OFDM symbol used for legacy PDCCH and/or CSI-RS/ZP-CSI-RS existence if the available ePDCCH REs per eREG could vary according to eREG number and/or subframe number. One simple example is full FDM eREG multiplexing in a PRB-pair with one RE frequency granularity as seen in the figure 1. Therefore, 12 eREGs can be defined per PRB-pair which is configured as ePDCCH resource and each eREGs may have different number of ePDCCH REs according to the number of REs for reference signal and legacy PDCCH. Note that PRB-pair level multiplexing between ePDCCH and PDSCH is adopted.
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Figure 1. An example of eREG definition (Full FDM based)
A major advantage of this full FDM based eREG multiplexing is flexible power allocation if a subset of eREG is not used for ePDCCH transmission since the energy for unused eREGs could be allocated for other eREGs and/or PDSCH transmission.

Proposal-4: eREGs are multiplexed in full FDM manner and fixed number of eREGs is defined per PRB-pair.

eCCE Definition
The localized and distributed transmission should be determined in eCCE level so that frequency diversity gain could be achieved even in one eCCE aggregation level. As eREG is defined, eCCE-to-eREG mapping may allow the eCCE level transmission scheme as shown in the figure 2. 
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Figure 2. An example of eCCE-to-eREG mapping

In the figure 2, the eCCE #0, 3, 6, and 8 can be considered as localized transmission and the others are distributed transmission. The ratio between localized and distributed eCCE could be configurable by eNB according to the channel conditions for the UEs in a cell.

Proposal-5: eCCE-to-eREG mappings supporting localized and distributed transmissions at the same time should be introduced as a RE mapping rule for ePDCCH.

4
Conclusions

In this contribution, we discussed on the RE mapping for ePDCCH and minimum ePDCCH resource unit definition with localized and distributed transmissions. From the discussions, we propose followings:

Proposal-1: the same minimum resource unit for ePDCCH should be used for both localized and distributed transmissions.

Proposal-2: ePDCCH distributed transmission should be optimized for low aggregation level.

Proposal-3: eREG should be defined as a common minimum resource unit for ePDCCH.

Proposal-4: eREGs are multiplexed in full FDM manner and fixed number of eREGs is defined per PRB-pair.

Proposal-5: eCCE-to-eREG mappings supporting localized and distributed transmissions at the same time should be introduced as a RE mapping rule for ePDCCH.
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