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1 Introduction

As the outcome of the discussion on the downlink reference signals (DL RS) supporting CoMP transmission, at the RAN1#68 meeting it has been agreed as a working assumption that the PDSCH DMRS scrambling sequence is configurable in a more general, UE-specific manner. This is achieved by replacing the cell ID with a configurable parameter X in the formula for the initial value (cinit) of the pseudo-random sequence generator [1]. 

The value of X is supposed to be dynamically selected from the set of N values {x(0), x(1), … x(N-1)}, which are configured by UE-specific RRC signaling. The value of N, the details of the dynamic selection and the actual values of x(n) are left for further study. Additionally, the possible harmonization between the DMRS scrambling sequences used on PDSCH and ePDCCH is also left for further study.

In this contribution we address this last mentioned open issue, and show 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 exactly the same for a given UE. We have already indicated in [2] that such configuration of ePDCCH scrambling sequence, with additional ePDCCH DMRS signatures, allows also for efficient ePDCCH detection. In Section 4 of this contribution we show in more details the relation between the ePDCCH scrambling sequence and ePDCCH signatures.
2 CoMP transmission of ePDCCH
In a similar way as the PDSCH, the ePDCCH can also benefit from coordination among multiple transmission points. In Fig. 1, several possible CoMP transmissions of ePDCCH are plotted. 
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Fig.1. CoMP transmission of ePDCCH 
The associated ePDCCHs of the UEs at cell edges can be dynamically transmitted from any of surrounding transmission points (TPs) by using the dynamic point selection (DPS) transmission, similar to one used for PDSCH. For illustration, the associated ePDCCH of UE2 in Fig. 1 is transmitted from either TP2 or TP3. Usage of  TP2 or TP3 is dynamically selected according to the quality of their propagation channels, while the ePDCCH DMRS scrambling sequence of the UE2 is dynamically reconfigured to correspond either to TP2-specific or TP3-specific DMRS scrambling sequence. The dynamic (re)configuration of ePDCCH DMRS scrambling sequence in the UE can be achieved for example by sending an updated value of the parameter X over PDCCH. Alternatively, if the set of possible values of X is small (configured by UE-specific RRC signaling), the actual value of X can be blindly detected by UE, and then used also for the demodulation of the corresponding PDSCH.
In another deployment scenario, the ePDCCHs of UEs which transit from one transmission point to the other can benefit from joint multipoint transmission (JT), to ensure reliable handover and reduce the risk of losing connection. For illustration, the ePDCCH of UE4 is jointly transmitted from both TP1 and TP2. The corresponding ePDCCH DMRS scrambling sequences of TP1 and TP2 in this case have to be configured to be the same, while the UE4 has to be informed about the corresponding selected common value of X.
As it is illustrated by the previous examples, the dynamic configuration of the ePDCCH DMRS scrambling sequence of a given UE would improve the ePDCCH reception, in a similar manner as the dynamic configuration of the PDSCH DMRS scrambling sequence would improve the PDSCH reception. However, to do separate dynamic configurations of ePDCCH and PDSCH DMRS scrambling sequences of a given UE would increase the DL signalling overhead while not providing any benefit in terms of CoMP performances.

Obviously, the most efficient way to achieve the CoMP benefits for both ePDCCH and PDSCH, of a given UE, is to have the same DMRS scrambling sequence on ePDCCH and PDSCH transmitted to that UE, as there is already agreed working assumption that the initialization parameter X is dynamically selected for the PDSCH DMRS scrambling sequence. 

3 MU-MIMO transmission of multiple ePDCCHs

The MU-MIMO transmission of multiple PDSCH relies either on allocating a common DMRS scrambling sequence for the orthogonally code multiplexed DMRSs sharing the same time-frequency resources, or allocating different (non-orthogonal) scrambling sequences to DMRSs of different UEs. The same kinds of MU-MIMO transmissions for multiple ePDCCHs can be anticipated. As in the case of CoMP, the most efficient way to achieve the MU-MIMO benefits for both ePDCCH and PDSCH, of a given UE, is to have the same DMRS scrambling sequence on ePDCCH and PDSCH transmitted to that UE.
In general, a combination of  CoMP and MU-MIMO transmissions of ePDCCHs can be envisaged. For example, the same ePDCCH PRB pair can be transmitted from multiple orthogonal antenna ports, possibly belonging to different transmission points; it means that all these antenna ports should share the same scrambling sequence, i.e. the same value of X. Another simultaneous DL CoMP ePDCCH transmission to another UE (MU-MIMO) may use another scrambling sequence, i.e. another value of X. 

In any case, the value of X of a given UE should be set starting from the requirements of ePDCCH transmission in a given subframe, and then the same value of X should be used for the PDSCH transmission in the same subframe. 
It means that if the multiple ePDCCHs are multiplexed in the same PRB pair, the UEs selected to be multiplexed in the same ePDCCH PRB pair should use the same scrambling sequence, i.e. the same value of X, which they should also use for the PDSCH transmission in the same subframe. The same applies even if there is CoMP and/or MU-MIMO ePDCCH transmission for some, or all of the UEs multiplexed in a PRB pair.
4 ePDCCH-DMRS modulation sequence
The same initialization seed for both ePDCCH and PDSCH DMRS scrambling sequence does not only make straightforward implementation of CoMP and MU-MIMO transmissions of ePDCCHs, but also bring benefits in terms of efficient detection of ePDCCH PRB pairs at the UE.

In each subframe the UE searches a common set of PRB pairs that are used for scheduling ePDCCH s of all UEs connected to a transmission point, in order to detect its own possibly transmitted ePDCCH. The searching and detection of ePDCCH of each UE can be greatly simplified if the ePDCCH DMRS is used for that purpose. It implies that the DMRS modulation sequences for ePDCCH and PDSCH have to be different. In has been shown in [2] that the maximum discrimination between the ePDCCH and the PDSCH DMRS modulation sequences at given antenna port is achieved if the current LTE DMRS modulation sequence is used both on ePDCCH and PDSCH DMRSs, while the ePDCCH DMRSs are additionally modulated with one or more orthogonal signature sequences.

It means that the ePDCCH-DMRS modulation sequence 
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 at a transmit antenna port p is obtained by multiplying symbol-by-symbol the PDSCH-DMRS modulation sequence 
 at a transmit antenna port p with an ePDCCH signature sequence , i.e.
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             (1)
where the index u labels a u-th sequence from a set of U signature sequences. The number of symbols in a signature sequence is 
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The PDSCH-DMRS modulation sequence 
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 is obtained by multiplying symbol-by-symbol its antenna port (AP) sequence
  with a PRB scrambling sequence 
, i.e.
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The AP sequences are used to make the DMRSs that share a common time frequency pattern orthogonal, either over a slot, or over a subframe. An AP sequence 
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 can be defined through the concatenation of columns of the matrix 
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where each row contains the modulation symbols of REs at the same subcarrier frequency. The symbols of matrix (3) are given in Table 1 [3]. 
Table 1: AP sequence symbols for DMRS ports 7 to 14
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	7
	1
	1
	1
	1

	8
	-1
	1
	-1
	1

	9
	1
	1
	1
	1

	10
	-1
	1
	-1
	1

	11
	-1
	-1
	1
	1

	12
	1
	1
	-1
	-1

	13
	1
	-1
	-1
	1

	14
	-1
	1
	1
	-1

	p
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	7
	1
	1
	1
	1

	8
	1
	-1
	1
	-1

	9
	1
	1
	1
	1

	10
	1
	-1
	1
	-1

	11
	1
	1
	-1
	-1

	12
	-1
	-1
	1
	1

	13
	1
	-1
	-1
	1

	14
	-1
	1
	1
	-1


The PRB scrambling sequence 
 is generated by taking a 12-symbols long segment of a long quadriphase pseudo-random 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)
Similarly as an AP sequence, a PRB scrambling sequence 
 can be defined through the concatenation of columns of the matrix 
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where 
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 is the maximum number of PRBs within a system bandwidth, and where, as in the matrix (3), each row contains the modulation symbols of REs at the same subcarrier frequency. From (4) it follows that a PRB scrambling sequence 
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where 
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Finally, the RS sequence 
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where 
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is the number of PRBs within a system bandwidth, and  is the binary pseudo-random sequence defined in Section 7.2 of [3]. The binary pseudo-random sequence generator shall be initialized with
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at the start of each subframe [1].

All UE-specific DMRS ports (7 to 14) are modulated with same binary pseudo-random sequence 
[image: image56.wmf]{

}

)

(

l

c

, i.e. with same PRB scrambling sequence 
[image: image57.wmf]{

}

)

,

(

k

n

q

PRB

 [3].

5 Conclusion and proposal
For any given UE, the PDSCH DMRS and ePDCCH DMRS scrambling sequences should be initialized by the same value of X.
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