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Introduction
It has been agreed that ePDCCH should support both distributed and localized transmission. Distributed transmission is expected to be used when there is no reliable CQI/PMI feedback to perform frequency selective scheduling or beamforming. In this case, spatial diversity is important to ensure robust reception and sufficient coverage.
In this contribution, we discuss different spatial diversity schemes and provide our views on how to support spatial diversity.
Discussion
Two main spatial diversity schemes that have been discussed for ePDCCH distributed transmission are:

· SFBC (2-tx)
· An alternative is SFBC+FSTD with 4-tx. Some performance evaluations had been provided by different companies, suggesting that SFBC+FSTD with 4-tx performs worse than SFBC with 2-tx. Therefore we exclude it from further discussion.

· Open-loop beamforming with precoder cycling

· Precoder cycling can be either on the PRB-level or sub-PRB-level.

Companies have provided extensive evaluation results on the performance comparison between SFBC and open-loop beamforming. The performance highly depends on the number of frequency locations (distributed across the carrier bandwidth) that are used for distributed transmission, because this determines the frequency diversity gain that can be achieved. The main high level observations can be summarized as the following:
· The performance of both SFBC and open-loop beamforming becomes better as more frequency locations are allocated. Significant gain is observed when the number of frequency locations is increased from 1/2 to 4, but with limited or marginal gain from 4 to 8 frequency locations.
· If the number of frequency locations is 4 or higher, open-loop beamforming performs better than SFBC for high aggregation levels (e.g. 4 and 8), similar to or worse than SFBC for low aggregation level (e.g. 1 and 2).

· SFBC has larger degradation for correlated antennas than open-loop beamforming.
In order to support all aggregation levels (ALs) effectively, including AL1, a certain diversity order should be guaranteed in order to achieve the frequency diversity. This means that a resource unit smaller than eCCE, so called eREG, needs to be defined for distributed transmission. The number of eREGs per eCCE can be chosen to be the frequency diversity order that is needed, so that one eCCE can be distributed into so many PRB pairs for AL1 to achieve the frequency diversity gain. There is no need for the number of eREGs per eCCE to go beyond the diversity order needed.
Proposal 1: eREG should be defined as the smallest resource unit for distributed transmission. The number of eREGs per eCCE should be determined by the frequency diversity order needed (exact value is FFS).

Since distributed transmission is supposed to be the robust transmission scheme for ePDCCH, it should be designed in a way to ensure the coverage. For this reason, the performance of higher AL is more important than that of lower AL for distributed transmission, if no scheme can provide better performance for both cases. Open-loop beamforming appears to provide better performance than SFBC for high AL. Therefore it is a reasonable choice for ePDCCH distributed transmission. Besides this, open-loop beamforming also has the following advantages:
· It uses a consistent design as the close-loop beamforming, with DM-RS using the same precoding as data symbols.
· This naturally allows the multiplexing of distributed and localized transmission in the same PRB pair, using eCCE as the smallest multiplexing unit.

· Easier UE implementation with the same mechanism for distributed and localized transmission.

· It can easily accommodate the rate matching and/or puncturing when handling the collision with other signals within the PRB pair [1].
On the other hand, SFBC has a major drawback:

· SFBC requires RE pairing. But the number of REs within an eCCE/eREG can change significantly for different configurations and also vary from subframe to subframe. 

· This can leave some orphan REs that cannot be utilized, causing performance degradation.
· The puncturing performed for PRS/CSI-RS REs unknown to the UEs [1] can greatly affect the SFBC performance. When one of the two pairing REs is punctured, two symbols are lost at the UE receiver because SFBC decoding cannot separate them due to the loss of one coded symbol. This can have significant impact given that puncturing can occur quite often for ePDCCH.
Due to all the reasons above, we propose that open-loop beamforming is adopted as the spatial diversity scheme. If each eCCE is mapped to one AP as proposed in [2], eCCE-level precoder cycling can be considered as the baseline since it does not introduce additional complexity compared to PRB-level precoder cycling. Note that open-loop beamforming can also be used for localized transmission because it is up to eNB implementation and does not require any specification support.

Proposal 2: Adopt open-loop beamforming as the spatial diversity scheme for ePDCCH.
Proposal 3: The UE may assume that the precoder is the same within one eCCE. 
Conclusions
In this contribution, we shared our views on spatial diversity schemes for ePDCCH and proposed the following:
Proposal 1: eREG should be defined as the smallest resource unit for distributed transmission. The number of eREGs per eCCE should be determined by the frequency diversity order needed (exact value is FFS).

Proposal 2: Adopt open-loop beamforming as the spatial diversity scheme for ePDCCH.

Proposal 3: The UE may assume that the precoder is the same within one eCCE. 
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