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1 Introduction

In last RAN1 meeting, several contributions discussed E-PDCCH design aspects, and RAN1 agreed the following regarding reference signal configurations [1].

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

· At least for localised 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
· Working assumption:

· There are no cases where CRS is used for demodulation of the enhanced control channel.

In this contribution, we provide our view on further details related to reference signal design. 
2 Discussion

2.2 E-PDCCH transmission schemes and DM-RS usage

While there are no agreements on transmission schemes used for E-PDCCH, RAN1 agreed to define localised and distributed transmission for E-PDCCH [1]. It is general understanding that both beam forming gain and frequency diversity gain cannot be achieved at the same time, and the beam forming scheme is well suited with localised transmission scheme. This implies that distributed transmission needs to be defined with transmit diversity scheme. Moreover, transmit diversity with CRS is seen as robust transmission scheme for PDCCH, and particularly for cell edge coverage. Thus, transmit diversity scheme is to be defined for robust E-PDCCH transmission, particularly in the absence of channel state information. On the other hand, it is clear that primary transmission scheme for E-PDCCH would be beam forming, which requires non-codebook based pre-coding of DM-RS. To support transmit diversity scheme, non-pre-coded DM-RS could be used.   

Proposal 1: We suggest to consider defining transmit diversity scheme for E-PDCCH with non-pre-coded DM-RS. The details of transmit diversity scheme is FFS.

It is understood from past RAN1 discussions that control channel enhancements need to support CoMP, and this is also indicated in the CoMP work item [2]. However, it is not clear whether CoMP could be used as one of the transmission scheme for E-PDCCH. Recently approved control channel enhancement work item [3] does not indicate the necessity of CoMP transmission for E-PDCCH. However, it could be possible to use PDSCH CoMP transmission scheme for E-PDCCH in principle, and some performance gain could be expected with such approach. It should be also noted that CoMP transmission could be transparent from UE point of view. However, the performance and complexity of E-PDCCH with CoMP is to be further studied.
According to current RAN1 agreements, E-PDCCH uses Rel-10 DM-RS ports 7-10. Therefore, E-PDCCH naturally supports DM-RS based PDSCH transmission. However, it is also possible that E-PDCCH could support CRS based PDSCH transmission (TM1-6). For example, if transmit diversity is supported for E-PDCCH based on non-pre-coded DM-RS, then PDSCH transmission could be based on CRS. Further, fall back operation for TM9 in non-MBSFN sub-frames is based on CRS based transmission scheme. It should be noted that DCI formats are generally tied to transmission schemes. Thus, the question is which existing DCI formats are to be supported with E-PDCCH. This needs further investigation.       

2.3 Scrambling sequence for DM-RS
RAN1 agreed ports 7-10 for E-PDCCH and the corresponding DM-RS scrambling sequence is FFS. In Rel-10, DM-RS scrambling sequence 
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The pseudo-random sequence 
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 is defined in [xx] and the pseudo-random sequence generator shall be initialised with 
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The value of 
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is zero unless specified otherwise by DCI format 2B or 2C.

It should be noted that DM-RS is being discussed in CoMP work item, and RAN1 agreed the following [4]:

· Same DMRS sequence generator as in Rel-10 is used.
· A UE can be semi-statically configured in a UE-specific manner, which initialization values for DMRS scrambling generator are available for dynamic selection.
· Initialization values can be configured to correspond to Rel-10 DMRS. 

· FFS: Introduction of additional orthogonality for DMRS

In our view, one DM-RS sequence is to be defined for Rel-11 to cover both CoMP and E-PDCCH aspects, and it should use Rel-10 DM-RS design as much as possible. Therefore, we consider DM-RS sequence generator as in Rel-10 is used for E-PDCCH, and initialization values should be considered along with CoMP aspects.

 Proposal 2: We suggest to consider DM-RS sequence generator as in Rel-10 for E-PDCCH as well.

2.3.1 Scrambling sequence initialization
The Rel-10 scrambling sequence initialization is tied to cell ID, which is unnecessarily restrictive for CoMP scenarios. In CoMP discussion, two approaches are considered for scrambling sequence initialization [5-8]: 
· Option-1: By UE-specific SCID (
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) signalled by DL signalling, and the initialization value can be expressed as:
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where the 
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can be configured to be 0 for fallback to the Rel-10 DMRS.

· Option 2: By UE-specific virtual Cell ID (
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), which is higher layer configured and dynamically selected for a UE. The initialization value can be expressed as:
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where the 
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 for fallback to the Rel-10 DMRS.
We think both approaches provide sufficiently flexible initialization seeds for DM-RS support for MU-MIMO and CoMP, as well as E-PDCCH. Since we would like to have single implementation for Rel-11 DM-RS sequence initialization, we think Option-2 is more suitable.
Proposal 3: We suggest to consider single DM-RS sequence initialization method for Rel-11.
3 Conclusion

We presented our views on E-PDCCH design related to reference signal in this contribution, and we propose the following: 
Proposal 1: We suggest to consider defining transmit diversity scheme for E-PDCCH with non-pre-coded DM-RS. The details of transmit diversity scheme is FFS.
Proposal 2: We suggest to consider DM-RS sequence generator as in Rel-10 for E-PDCCH.
Proposal 3: We suggest to consider single DM-RS sequence initialization method for Rel-11.
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