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Discussion and decision
1. Introduction
In RAN1#66bis the decision to develop an enhanced control channel was taken. This was based on the motivations and scenarios seen as important by a majority of the companies [1]. In [2] the multiplexing of E-PDCCH and PDSCH is treated. This contribution discusses the basic design solutions for the reference symbols for TDM based E-PDCCH.
Search spaces are described in a companion contribution [3].
2. Reference signal design
According to the email discussion [1] one of the main motivations for E-PDCCH is capacity and the main scenarios are DL-MIMO and CoMP so it is natural to assume that demodulation of E-PDCCH uses DMRS only. It has also been proposed that frequency diversity should be supported by E-PDCCH but this is also possible with DMRS, especially for the TDM architecture, where E-PDCCH is more spread out in frequency. For UEs which are operating with transmission modes where demodulation is based on CRS there seems to be no need to support ePDCCH.
For TDM based E-PDCCH the control and data are transmitted on the same PRB and it is therefore assumed that they also use the same transmission scheme with the same transmission parameters.
Opposite to Rel-8/10 PDCCH, where the transmission scheme and parameters are always known, the exact transmission parameters for E-PDCCH and are not known at demodulation time. In particular the DMRS port number and sequence ID are not necessarily known and therefore they must somehow be semi-statically configured or blindly decoded.
Another consequence of the TDM solution outlined in [2] is that the E-PDCCH and the corresponding DL allocation use the same precoding in each layer. In Rel-11 we will potentially have two different DM RS sequence IDs and then one sequence could be semi-statically configured and the other is found by blind decoding. However, the actual details will be different depending on whether we have a regular single layer transmission, SU-MIMO- or MU-MIMO transmission.
According to agreed working assumption on DM RS sequence design in Rel-11, the Rel-10 sequences are included as a subset of the Rel-11 options. One of the functions available in Rel-10 is that the UE is supporting a set of different antenna ports and sequences and these can be dynamically selected via the DCI. When E-PDCCH is demodulated, demodulation has to be done without knowledge of the DCI content and this makes dynamic port and sequence selection more challenging.
To ensure robust operation of E-PDCCH it seems preferable to limit as much as possible the need for blind detection of the DMRS sequence. A simple and workable solution is to assign a primary DM RS sequence in a semi-static way or dynamically by a search space for the UE to use when searching for E-PDCCH. More flexible solutions would need thorough study to ensure the reliability of the E-PDCCH.
Based on this we have proposal 1:

Proposal 1: 

· Only DMRS is used for E-PDCCH demodulation

· A UE is assigned by semi-statically configuration or by blind decoding from a search space a DM RS port, UE-specific DMRS sequence and these parameters are used for demodulating the control in a downlink allocation.
For SU-MIMO the E-PDCCH is transmitted only on one layer as shown in Figure 1.The data bearing resource elements in the E-PDCCH are transmitted with double power for robust detection and with this arrangement there is a constant power allocation in all symbols.

MU-MIMO multi-stream transmission can be supported with the above rules so that the control for MU-MIMO is also transmitted as MU-MIMO and the E-PDCCH uses the same time-frequency resources for all streams. This requires search spaces that especially take into account MU-MIMO scheduling by also specifying the number of streams, ports and potentially DMRS sequences, which are available on a certain position. The MU-MIMO E-PDCCH arrangement is shown in Figure 2.
These solutions ensures an uniform use of power allocation through the PDSCH symbols as well as an efficient use of MU-MIMO, which has been noted to be very expensive in terms of control resources in Rel-8/10. For MIMO transmission we have proposal 2:
Proposal 2:

· SU-MIMO E-PDCCH is transmitted only on one layer
· MU-MIMO E-PDCCH is transmitted on one layer on all streams used by PDSCH.

It is for further study whether we need E-PDCCH control for user with CRS based transmission mode.
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Figure 1. E-PDCCH control for SU-MIMO.
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Figure 2. E-PDCCH control for MU-MIMO.
3. Conclusions
This contribution has defined a baseline approach for the use of reference signals for TDM type of E-PDCCH. 
To summarize we repeat the proposals.

Proposal 1: 

· Only DMRS is used for E-PDCCH demodulation

· A UE is assigned by semi-statically configuration or by blind decoding from a search space a DM RS port, UE-specific DMRS sequence and these parameters are used for demodulating the control in a downlink allocation.

Proposal 2:
· SU-MIMO E-PDCCH is transmitted only on one layer
· MU-MIMO E-PDCCH is transmitted on one layer on all streams used by PDSCH.
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