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1. Introduction

At WG1 meeting #67 the following agreements were made: 

· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS
The use of CRS for demodulation of enhanced control channels was discussed. When CRS is used, most of the advantages and very reasons for introducing the enhanced control channel are lost, such as UE specific precoding (with precoded RS) and spatial reuse of the control channels within a cell. Also, using CRS prohibits the use of enhanced control channels in MBSFN subframes. Furthermore, as the CRS is “always on”, it is impossible to operate with low energy consumption on new carrier types as the power amplifiers cannot be DTX for longer times than the CRS periodicity when there is no traffic. Hence, it was concluded as a working assumption that there are no cases where CRS is used for demodulation of the enhanced control channel. 

In this contribution we discuss some further details for the reference signal design. 
2. The use of DMRS for enhanced control channels

As antenna port 7-10 has been agreed to be used for the demodulation of the enhanced control channels, it remains to specify how these antenna ports are used, and how the UE knows which antenna port to use when demodulating a certain control channel. We suggest the principle that the UE knows which antenna ports to use for a given hypothesis of a ePDCCH transmission based on the location of the ePDCCH in the physical resource grid. To achieve this, a link between physical resources and antenna ports is needed as is discussed below. 
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Figure 1  Example of division of a PRB pair into eREG and the association between eREGs and antenna ports
The PDCCH and the R-PDCCH make use of resource element groups (REG) which is a group of RE used to map the control channel elements to the physical resources. For the enhanced control channels, we use the same principle by introducing extended REG (eREG). An eREG thus consists of a set of predefined REs within the PRB pair that is reserved for enhanced control channel transmission. Note that eREGs may contain REs that are reserved for other signals, such as CRS and CSI-RS so this has to be taken into account when defining the eREG sets of REs and the number of eREGs per PRB pair, which is FFS.

Each eREG is fundamentally associated with an antenna port as can be seen in Figure 1. Hence, when a UE demodulates an ePDCCH that is using a given eREG, the AP or DMRS to use for the demodulation is given by the index of the eREG within the PRB pair. However, although the eREG to AP mapping holds, there are some exceptions to further reduce the overhead as well as the receiver complexity in case an ePDCCH uses more than one eREG in a PRB pair as will be discussed further below. 

Proposal 1: Each PRB pair is divided into eREG as non-overlapping sets of REs. The details and the number of eREGs per PRB pair is FFS. 
Proposal 2: Each eREG is fundamentally associated with an antenna port. 
2.1. UE specific precoding 

Whenever a transmitted ePDCCH using UE specific precoding is using more than one eREG, the UE should assume that all eREGs, at least within the same PRB pair are precoded with the same precoding vector. Hence, a single AP should be used for all these eREGs as this prevents the need for utilizing multiple channel estimates to demodulate the ePDCCH.  Therefore, only one AP from the group of those AP associated with the used eREGs is actually transmitted and used by the UE while the remaining ones are unused. 

An example is given in Figure 2, showing a case (right) where all four eREG are used for the same ePDCCH transmission and only AP 7 is therefore used for the demodulation of the ePDCCH. Note that the DMRS power may in this case be transferred from unused AP to used AP. 

Figure 2 also shows (left) how two different ePDCCH can be transmitted with UE specific precoding in a PRB pair.  
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Figure 2 Example of antenna port use for UE specific precoding when an ePDCCH is using one, two or four eREGs within the PRB pair respectively. In the left example is AP 7 and AP 10 sued and AP 9 is unused. In the right example, an ePDCCH is using the whole PRB pair and only AP 7 is used, the other APs are unused.
Note that the channel estimation will be part of the blind decoding since which antenna port is used for a given ePDCCH transmission depends on the hypothesis on the CCE aggregation level and consequently also the number of used eREGs. The hypothesis of unused APs may also be utilized to improve the blind decoding performance.
Proposal 3: When UE specific precoding is used (e.g. for localized transmission), only one antenna port per PRB pair is used for a given ePDCCH transmission in that PRB pair. Which AP to use depends on which eREGs that are utilized.
2.2. Shared antenna ports

When UE specific precoding is not used, as when the transmitted control channel contains broadcast information or when the preferred precoding vector is unknown at the eNB, then the DMRS can be used as a “localized common reference signal”, used by multiple UEs for demodulating the ePDCCH. Equivalently, it can be said that the AP is shared by multiple ePDCCH messages and/or for multiple UEs. In this case it is sufficient to use one or maximum two (for antenna diversity) antenna ports for all eREGs in the PRB pair. 

An example of this association is given in Figure 3 where two ports, AP 7 and AP 9 are used to provide antenna diversity. As AP 8 and 10 are not used, AP 7 and 9 can be power boosted by 3 dB.  
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Figure 3 Association between eREG and AP in the case of shared antenna ports. This can be used for distributed transmission of the ePDCCH. In this case is the eREG to AP association fixed and not dependent on the number of eREG an ePDCCH is using.

Furthermore, since these AP are shared by multiple UEs or multiple ePDCCH messages, and antenna diversity is likely to be utilized, the used eREG to AP associations should be fixed and not depend on how many eREG are used for the ePDCCH transmission. This also implies that the DMRS power is always known and the channel estimation is separated from the blind decoding, which may simplify the receiver.

Proposal 4: When UE specific precoding is not used or antenna ports are shared (e.g. for some cases of distributed transmission) by multiple UEs, the eREG to AP associations are constant and do not change depending on the actually used eREGs for the ePDCCH transmission. 
As mention in the introduction of this section, the eREG size is FFS and for distributed transmission a smaller eREG size will imply better diversity properties as an ePDCCH can be split over more PRB pairs and antenna ports within each used PRB pair. The eREG size impacts on the number of eREG per PRB pair, and since the number of antenna ports is limited to four, more than one eREG will be mapped to the same antenna port when more than 4 eREGs are defined per PRB pair.  

2.3. Bundling
Although the DMRS are proposed to be self-contained within the PRB pairs used for a particular enhanced control channel transmission, it is worth considering PRB bundling for improving the channel estimation performance; similar to what is used for DMRS for the PDSCH demodulation in transmission mode 9. A UE may then assume that channels measured on antenna ports in different PRB pairs are the same for e.g. interpolation and enhancements of channel estimation performance.  

Proposal 5: Consider further PRB bundling to improve channel estimation performance for the enhanced control channel
2.4. DMRS scrambling sequence

At meeting #66bis, it was agreed in the CoMP WI that the DMRS sequence generator for the shared data channel, can be semi-statically configured in a UE-specific manner. This allows for cell splitting of the PDSCH transmission in the shared cell scenario. Hence, when using RRH and with isolation between the RRH coverage areas, a DMRS for PDSCH demodulation can be re-used and is allowing for MU-MIMO operation with non-orthogonal DMRS. It is natural to use the same functionality also for the enhanced control channel, to enable the same cell splitting gains and MU-MIMO operation with non-orthogonal RS. In the case non-UE specific DMRS is used and an AP is shared among several UEs, then a group-UE specific or transmission point specific DMRS sequence initiation must be used. 

Proposal 6: UE specific scrambling of DMRS is used for enhanced control channel DMRS. Initialization of the DMRS sequence for the AP related to both UE specific and non-UE specific precoding (group-UE specific) is FFS.
3. Conclusion

Based on the discussion in this contribution, we can summarize by listing these proposals for decision:
Proposal 1: Each PRB pair is divided into eREG as non-overlapping sets of REs. The details and the number of eREGs per PRB pair is FFS. 
Proposal 2: Each eREG is fundamentally associated with an antenna port. 
Proposal 3: When UE specific precoding is used (e.g. for localized transmission), only one antenna port per PRB pair is used for a given ePDCCH transmission in that PRB pair. Which AP to use depends on which eREGs that are utilized.
Proposal 4: When UE specific precoding is not used or antenna ports are shared (e.g. for some cases of distributed transmission) by multiple UEs, the eREG to AP associations are constant and do not change depending on the actually used eREGs for the ePDCCH transmission.
Proposal 5: Consider further PRB bundling to improve channel estimation performance for the enhanced control channel.
Proposal 6: UE specific scrambling of DMRS is used for enhanced control channel DMRS. Initialization of the DMRS sequence for the AP related to both UE specific and non-UE specific precoding (group-UE specific) is FFS.
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