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1 Introduction 
At RAN1#69, some remaining aspects of DMRS configuration for ePDCCH were discussed  by a number of contributions [1-8]. Due to time limitation, this agenda item was not treated. At RAN1 #68bis, some agreements and a working assumption were made upon the scrambling sequence design as below: 
Agreement:

· The same scrambling sequence generator is used for ePDCCH DM-RS as PDSCH DM-RS

Working assumption:

· The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by
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How to configure the scrambling sequences and then how to utilize them for ePDCCH transmission are still unsolved by now. We will give our proposals on this issue. This is an update of [1].  The antenna port association is discussed in our companion paper [9].
2 Discussions
It has been agreed that rank-2 SU-MIMO is not supported for a single blind decoding attempt. However, MU-MIMO as an effective and user-transparent way to improve the spectrum efficiency of ePDCCH should be considered. In Rel-10, there are generally two ways to configure the DMRS for the PDSCH MU-MIMO transmission:

· Orthogonal DMRS using antenna port 7 and 8;
· Non-orthogonal DMRS initialized with different scrambling sequence

These two ways could be also jointly used to allow up to four UEs to be co-scheduled within one cell on the same time-frequency resources.
Only antenna ports 7-10 are agreed to be used for ePDCCH transmission, and, as proposed by our companion paper [10], four eCCEs could be mapped onto one PRB pair. As a result, MU-MIMO transmission using different DMRS ports may not be possible in the cases of low aggregation levels or distributed transmission, due to the lack of extra antenna ports to differentiate the spatial layers. Besides, the antenna port(s) for each ePDCCH is/are implicitly determined by the time-frequency locations of the REs used by the corresponding DCI message, so the ePDCCHs exactly sharing the same time-frequency resources would be configured with the same antenna port(s). By this way, orthogonal DMRS for ePDCCH MU-MIMO should not be feasible. In light of these reasons, we propose:
Proposal 1: ePDCCH MU-MIMO transmission is supported by means of different scrambling sequences.

Our proposal does not preclude the combined use of orthogonal DMRS and non-orthogonal DMRS. For an instance shown by Figure 1, two ePDCCH candidates respectively at aggregation level 1 and aggregation level 2 partially overlap in the frequency domain. In the left case, two ePDCCHs share the same antenna port (AP 7) as they have the same starting frequency whereas in the right case, the starting frequency of one ePDCCH offsets another, so different antenna ports (i.e., AP 7 and 8) combined with different scrambling sequences are used by these two spatially multiplexed ePDCCHs. 
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Figure 1, Examples of MU-MIMO transmission of ePDCCH
If MU-MIMO transmission is supported for ePDCCH, different scrambling sequences are allocated for the ePDCCHs sharing the same time-frequency resources according to this design. There are two possible ways to implement the MU-MIMO transmission based on different scrambling sequences as shown by Figure. 2: 

· Alt-1: Blind decodings are carried out respectively for different scrambling sequences for MU-MIMO transmission. A subset of scrambling sequences is predefined or indicated by a UE-specific high layer signalling from the overall set of scrambling sequences. In this way, dynamic user pairing for MU-MIMO transmission could be supported at the expense of increased number of decoding attempts. Effectively, the scrambling sequence would become one parameter of the search space.
· Alt-2: RRC signaling to configure a scrambling sequence for UE for MU-MIMO transmission. The number of decoding attempts may be relatively lower, but scheduling flexibility would be reduced for MU-MIMO transmission because users that are well separated in a subframe may not be able to be paired together due to the semi-static configuration of the scrambling sequences. 
Due to the increased scheduling flexibility, we favour Alt-1. 
Proposal 2: The scrambling sequence(s) used for the localized candidates is blindly detected.
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Figure 2, Scrambling sequence configuration for ePDCCH
Having the scrambling sequence(s) blindly decoded is likely to increase the total number of blind decodings beyond what is currently supported in Rel-10. However, with Moore’s law, it is expected that the UEs’ processing power will increase significantly, so more blind decodings would become possible. If the number of blind decodings does become a concern, alternatives such as having the scrambling sequence semi-statically configured can be considered.

Following RAN 1 #69, an email discussion was kicked off on the topic of ePDCCH signature sequence. In the end the chairman concluded that ePDCCH signature sequence is not adopted for ePDCCH location determination in Rel-11. Some companies argued that the signature sequence could still be used to simplify the blind decoding in light of the concerns on the increased channel estimation complexity for ePDCCH compared to legacy PDCCH. However, in [11, 12], it has been argued that the decoding complexity mainly stems from the Viterbi-decoding, and channel estimation does not impose much extra effort. And also, as proposed by our companion paper [9], the channel estimation during blind decoding of ePDCCH candidate could be reused among different aggregation levels by proper configuring of the DMRS APs. 
Proposal 3: There is no need to impose orthogonal signatures on DMRS to reduce the channel estimation complexity for ePDCCH.
3 Conclusions

The remaining aspects of DMRS configuration for ePDCCH are discussed in this contribution.  The following proposals are made:
Proposal 1: ePDCCH MU-MIMO transmission is supported with non-orthogonal DMRS initialized with different scrambling sequences.

Proposal 2: The scrambling sequence(s) used for the localized candidates is blindly detected.

Proposal 3: There is no need to impose orthogonal signatures on DMRS to reduce the channel estimation complexity for ePDCCH.
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