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1 Introduction

The efficient detection of PRB pairs used for scheduled transmission of one or more ePDCCHs was one of the topics that was briefly discussed at the RAN1#68 meeting, within the agenda item of ePDCCH reference signals. It has been recognized that the modulation sequences of DMRSs transmitted in each ePDCCH PRB pair might be used at the UEs as a tool to speed up the process of searching for the ePDCCH PRB pairs.

According to the current LTE specifications, the DMRS modulation sequence at an antenna port p has 12 symbols, obtained as a symbol-by-symbol product of two other sequences: an antenna port (AP) sequence, selected from the set of binary orthogonal sequences of length 12 to make the DMRSs that share a common time frequency pattern orthogonal, either over a slot, or over a subframe; and a PRB scrambling sequence, generated by taking a 12-symbols long segment of a long scrambling sequence 
 that falls into the observed PRB pair after mapping 
 to all REs allocated to the DMRSs in the whole bandwidth. (
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 is called “reference signal sequence” in LTE specifications.)
We have shown in [1] that all the benefits of the CoMP and MU-MIMO on PDSCH can be obtained also on ePDCCH for any given UE by having the PDSCH DMRS and ePDCCH DMRS scrambling sequences be exactly the same for a given UE. We have shown in [2] that such a configuration of ePDCCH scrambling sequence, in combination with ePDCCH specific DMRS signatures, also allows for efficient ePDCCH detection when one ePDCCH is transmitted per PRB pair.
In this contribution we show that the same benefits of ePDCCH DMRS signatures can be achieved even if multiple ePDCCHs, containing downlink control information (DCI) of different UEs, are multiplexed in a PRB pair to allow for an efficient allocation of physical resources. Transmission of both localised and distributed ePDCCHs is considered. In all considerations we start from the premise that the full pattern of Release-10 DMRS is used for each multiplexed ePDCCH in a PRB pair, as it has been shown that such a full-pattern approach is overall more beneficial than the partial-pattern approach [3].
2 DMRS modulation sequences for localised ePDCCHs
If all the ePDCCHs are allocated to a single antenna port within a PRB pair, a single DMRS should be transmitted and used by each of the multiplexed UEs to demodulate its own ePDCCH. It requires that the same PRB scrambling sequence be allocated to all multiplexed UEs. (Alternatively, if different PRB scrambling sequences are used for each multiplexed UE on a common antenna port, it would mean that multiple non-orthogonal DMRSs, each with a reduced power, are transmitted in a PRB pair.)
If the ePDCCHs are allocated to different antenna ports within a PRB pair, again the same PRB scrambling sequence has to be allocated to all multiplexed UEs, because according to LTE specifications all UE-specific DMRS ports (7 to 14) are modulated with a common PRB scrambling sequence [1].

As of the ePDCCH signature sequence allocation, the ePDCCHs transmitted over different antenna ports in a PRB pair have to use the same ePDCCH signature sequence at least on the antenna ports sharing the same time-frequency pattern and separated only by orthogonal AP sequences in order to preserve the orthogonal the antenna ports. That means that one ePDCCH signature can be allocated to AP 7 and 8 and the other ePDCCH signature to AP 9 and 10, but there is no benefit of doing so in comparison to the simpler scenario where the same ePDCCH signature is allocated to all ports within ePDCCH PRB pair. 
Thus the only remaining question related to ePDCCH signature sequence allocation is whether to have a common or UE-specific (at least to some extent) ePDCCH signature sequences.
If a predefined ePDCCH signature sequence is used by all the UEs, there is no need to signal this information to the UE. Such signature sequence will allow each UE to identify any PRB pair carrying either single or multiple ePDCCHs (so-called “candidate ePDCCH PRB pairs” [2]), and then to perform blind decoding within each candidate PRB pair in order to find its own ePDCCH. As illustration of the above concept, Fig. 1 shows the case where four ePDCCHs sharing the same ePDCCH signature sequence are transmitted over different frequencies and different antenna ports in one PRB pair.
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Fig. 1. Four ePDCCHs multiplexed in FDM/SDM manner in one PRB pair, sharing the same ePDCCH signature sequence.
Alternatively, a set of multiple ePDCCH signature sequences can be deployed in the system so that the ePDCCH signature sequences from the set are allocated to the UEs according to some implicit or explicit allocation algorithm. In that case each UE can search only for its own allocated ePDCCH signature sequence, and in that way reduce the number of detected candidate PRB pairs. As illustration of the above concept, Fig. 2 shows two PRB pairs, each using different ePDCCH signature sequence, where each PRB pair convey four ePDCCHs transmitted over different frequencies and different antenna ports. Obviously, in this example only the UEs to which the same ePDCCH signature sequence is allocated can be multiplexed in the same PRB pair.
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Fig. 2. Two different ePDCCH signature sequences used in two PRB pairs, each with four ePDCCHs multiplexed in FDM/SDM manner.
The UE-specific allocation of different ePDCCH signature sequences does not necessarily require additional signalling. For example, UE identification number in the network, known as Radio Network Temporary Identifier (RNTI) in the LTE standard, which is signaled to each UE by the base station once the connection is established, can be used through some mapping function both by the transmission points and the corresponding UE to obtain the index of the corresponding ePDCCH sequence from the set of available signature sequences.

The increase of the number of possible ePDCCH signature sequences will cause the increase of the number of hypothesizes for maximum likelihood detection of the ePDCCH signature sequence at each UE, what might deteriorate the ePDCCH performances to some extent if blind decoding is done only on candidate PRB pairs [2]. What is the largest number of different ePDCCH signature sequences that can be deployed in the system without serious penalties on ePDCCH performances, while providing a noticeable searching complexity reduction, remains to be investigated when the ePDCCH multiplexing within a PRB pair is defined in more details. Some preliminary simulations indicate that 5 different signatures provide a decent complexity reduction without noticeable penalties on ePDCCH performances.

3 DMRS modulation sequences for distributed ePDCCHs
For ePDCCH in distributed transmission, contrary to the localized transmission, it is desirable to achieve robust ePDCCH transmission by utilizing frequency diversity and spatial diversity. Therefore, there is no need to dynamically schedule the resource allocation for ePDCCH in distributed transmission. So, the resource allocation of ePDCCH in distributed transmission can be signalled via higher layer signalling as R-PDCCH in LTE Rel-10. 
However, if dynamic resource allocation is still desired, an additional ePDCCH signature sequence can be used only in PRB pairs containing distributed ePDCCHs. In that way, each UE can detect a separate set of candidate ePDCCH PRB pairs used for distributed transmission, and in that way significantly reduce otherwise enormous total number of blind decoding attempts over candidate PRB pairs possibly conveying both localised and distributed ePDCCHs, especially if also distributed ePDCCHs are multiplexed within a PRB pair.

4 DMRS modulation sequences for common ePDCCH search space
A DMRS signature sequence based on the cell ID could be used to indicate to the UEs where the ePDCCH Common Search Space (CSS) is located so that the UE could locate the CSS without requiring any signalling.
5 Conclusion and proposal
For further ePDCCH investigations, the following working assumptions should be adopted:

· The full pattern of Release-10 DMRS is used for each multiplexed ePDCCH in a PRB pair;
· The DMRSs in a PRB pair used for the transmission of one or more ePDCCHs are modulated by ePDCCH signature sequences;
· The same ePDCCH DMRS signature is allocated to all DMRSs within an ePDCCH PRB pair.
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