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Discussion and decision
1. Introduction
The following agreement and points for further study have been made in RAN1#68 regarding ePDCCH and spatial diversity:
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
Support of 2-layer SU-MIMO?
How to determine AP(s) to use for ePDCCH detection

How to determine scrambling sequence for ePDCCH detection

How to determine the number of AP for ePDCCH

If and how to support spatial diversity for distributed transmission

If and how to use ePDCCH signature for ePDCCH detection

In this contribution we present our proposal considering the highlighted point above on support for spatial diversity transmission.

2. Support for spatial diversity on ePDCCH
It has been agreed that ePDCCH shall support distributed diversity transmission for increased reliability and for cases when there is no frequency selective CSI available. 
A standard method for diversity transmission is to distribute the corresponding DCI in frequency to multiple PRB pairs. As each PRB pair may be independently precoded, a possible method for obtaining spatial diversity is to select a different precoding vector for different PRB pairs. Note that such operation would be transparent to the UE. However, the diversity order obtained by such a scheme is limited by the number of PRB pairs that are employed in the transmission. Moreover, spatial diversity and frequency diversity may be useful in different channel conditions. 
Another approach is to use non-transparent spatial diversity transmission by which diversity also within each PRB pair can be harvested. While there may be envisioned various methods for non-transparent spatial diversity transmission, the most relevant ones can be identified as precoding vector switching/cycling within the REs/eREGs in a PRB pair, and then SFBC transmission. Please note that spatial diversity within a PRB pair requires for the UE more than one DM-RS antenna port to be used for demodulation. 

We summarize these alternatives and the pros and cons of each one as follows:
· Alt.1: PRB level precoding vector switching (PVS)

· Pros

· Transparent operation to the UE

· Most straightforward to design

· Channel estimation needed only for one DM-RS port per PRB pair

· Better channel estimation performance possible by DMRS power boosting from the unused DMRS

· Cons

· Diversity order limited by the number of PRB pairs in use

· Alt.2: RE/eREG level precoding vector switching

· Pros

· Increased diversity

· Simple to map to REs (e.g. map AP to blank PRB pair), no orphan REs

· Cons

· Non-transparent

· Channel estimation for more than one DM-RS port needed per PRB pair

· Worse channel estimation performance than per PRB pair PVS

· Alt.3: SFBC/STBC

· Pros

· Best performance in terms of diversity

· Cons

· Non-transparent (same as Alt. 2)

· Channel estimation for more than one DM-RS port needed per PRB pair (same as Alt. 2)

· Worse channel estimation performance than per PRB pair PVS (same as Alt. 2)

· Most complex to design -- need to design RE pairs in presence of other signals and avoid orphan REs

Related to the channel estimation performance we make the following remark. The decoding performance depends on the code rate (DMRS overhead in terms of REs), the DMRS power per antenna port, and the chosen transmission scheme. These all factors should be comprehensively and carefully weighed in so that an educated decision can be made, as the performance in the end is not obvious.
One potential problem with the definition of SFBC transmission is that it will introduce the so-called orphan RE problem. Note that there are different schemes available for spatial diversity. In the simplest scheme, the precoding vector may be cycled between the REs in the PRB pair. In this case, there is clearly no problem with orphan REs since there need not be same amount of REs per each precoding vector. However, if SFBC type of transmission is used, each RE needs to be possible to be paired with another RE closeby. REs that are too much separated in time or frequency are not suitable for SFBC transmission. This orphan RE issue will be very much on the chosen eCCE/eREG mapping to REs for PRB pairs that carry channels/signals like PDCCH, CRS, DMRS, CSI-RS and others.
We summarize this in the following observation:

Observation: Further study is needed in order to determine whether non-transparent spatial diversity should be supported taking into account the channel estimation performance, RE mapping, and decoding performance depending on the available frequency diversity.

Enabling spatial diversity within a PRB pair (therefore, also within an eCCE) means that the diversity mode transmission is not transparent to the UE. Another implication is that such transmission shall require more than a single DMRS antenna port to be utilized for the demodulation. The antenna ports used for the diversity transmission should be shared among multiple UEs. Furthermore, if distributed diversity transmission would be specified to be available in the same PRB pairs as localized transmission, it could be well considered to also reuse the antenna ports and DMRS used for the localized transmissions in the diversity transmissions.

As the spatial diversity transmission is not transparent to the UE, the UE needs to perform separate blind decode for the diversity transmission and for the UE-specifically precoded ePDCCH transmission in case both would be possible within the same PRB pair for the Ue. It is therefore important to consider which transmission modes should be made available out of the options: {Localized/precoded, Localized/SpDiv, Distributed/precoded, Distributed/SpDiv}. A possible solution that leads to low complexity and a clean solution is to enable only localized transmission in conjunction with precoding (that is to be used for those UEs that there is reliable frequency selective CSI available), and distributed transmission in conjunction with spatial diversity transmission (for UEs without reliable frequency selective CSI / maximally robust transmission). Therefore the following proposal:

Proposal: In case spatial diversity within a PRB pair is to be supported, consider using distributed transmission only in conjunction with spatial diversity transmission scheme within a PRB pair and localized transmission only in conjunction with single antenna port/precoded transmission within a PRB pair.

3. Conclusions
Our observations and proposals related to spatial diversity for ePDCCH can be summarized as follows:
Observation: Further study is needed in order to determine whether non-transparent spatial diversity should be supported taking into account the channel estimation performance, RE mapping, and decoding performance depending on the available frequency diversity.

Proposal: In case spatial diversity within a PRB pair is to be supported, consider using distributed transmission only in conjunction with spatial diversity transmission scheme within a PRB pair and localized transmission only in conjunction with single antenna port/precoded transmission within a PRB pair.
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