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1 Introduction

At RAN1#68bis meeting it was agreed that the same scrambling sequence generator is used for ePDCCH DMRS as for PDSCH DMRS. 
Additionally, a new working assumption was agreed, to use the same formula for the initial value 
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 of DMRS scrambling sequence generator both for ePDCCH and PDSCH. The initial value 
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 is a function of the slot number 
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, a UE-specific parameter 
[image: image4.wmf]SCID

n

, whose value (0 or 1) is selected by the base station at the beginning of each subframe, and the parameter 
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, as
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For the PDSCH, the details of usage of the parameters 
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 and 
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 in (1) are further defined by the following working assumptions agreed at RAN1#68bis:

1) Two candidate values of 
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 are configured: x(0) and x(1);
2) 
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 is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2 (as 
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 equals to 0 for ranks larger than 2).
For the ePDCCH, the details of usage of the parameters 
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 and 
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 in (1) were briefly discussed at RAN1#68bis. The two alternatives were considered:

A) To have the same 
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 and 
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 as for PDSCH DMRS scrambling sequence initialization [1]. It implies the dynamic selection of the value of 
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 in each subframe, out of two possible values that are semi-statically configured at the UE by RRC signalling; the value
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 is dynamically signalled to the UE and used by the UE to select one or the other value of 
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;
B) To always use one of the two values of 
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 configured for PDSCH DMRS [2]. It implies a semi-static selection of the value of 
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. According to 2) above, it means that the selected value of 
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 corresponds to a predetermined value of 
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As no consensus could be reached, the related discussion was left to be continued at the incoming meetings. In this contribution we discuss pros and cons of the above two alternatives.
2 Dynamic selection of value of X 
All the benefits of the CoMP and MU-MIMO on PDSCH can be obtained also on the ePDCCH for any given UE by having the PDSCH DMRS and ePDCCH DMRS scrambling sequences exactly the same for a given UE [1]. Such a target implies a dynamic selection of the value of 
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 for the initialization of the ePDCCH DMRS scrambling sequence generator. The dynamic selection of the value of 
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 for the demodulation of ePDCCH DMRS can be achieved in the same way as for PDSCH, according to 1) and 2) above, where 
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 is transmitted over PDCCH.
The second option for the demodulation of ePDCCH DMRS with the dynamic selection of the transmitted scrambling sequence is that the UE performs blind detection of the transmitted ePDCCH DMRS scrambling sequence. The blind detection of 
[image: image26.wmf]SCID

n

 and 
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 has to be performed through the correlation of the received DMRS modulation sequence with both possible DMRS scrambling sequences (corresponding to both configured values of 
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 in the UE). It has been shown that the correlation of the received DMRS modulation sequence with appropriate reference sequences can be an effective way to improve the efficiency of the ePDCCH PRB pair detection while preserving performances of ePDCCH blind detection (using complete decoding and CRC checking). The corresponding complexity and performance evaluation results shown in [3] were already obtained by using two possible scrambling sequences at the transmitter, and the two corresponding hypotheses testing in the receiver. Thus, it has already been shown that the blind detection of the scrambling sequence selected out of two possible sequences, does not have a noticeable impact, neither on the complexity nor on the performances of ePDCCH detection.
Once the actual values of 
[image: image29.wmf]SCID

n

 and 
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 are detected by UE, they can be then used for the demodulation of the corresponding PDSCH. 
The value of X of a given UE should be set starting from the resource allocation and multiplexing 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. In that way the problem of achieving the orthogonality of the ePDCCH DMRSs of different UEs multiplexed in the same ePDCCH PRB pair can be resolved [2].
3 Semi-static selection of value of X
The proposal for the semi-static selection of the ePDCCH DMRS scrambling sequence has been motivated by the claim that it would simplify ePDCCH blind detection. However, the impact on the complexity of ePDCCH PRB pair detection depends on the actually used algorithm for ePDCCH detection. For example, for the PDSCH it has already been agreed that only two values of 
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 should be configured for any given UE, what is exactly the same assumption used for ePDCCH PRB pair detection algorithm from [3]. In such an algorithm the two possible scrambling sequences double the number of operations for ePDCCH DMRS sequence demodulation and correlation used to identify candidate ePDCCH PRB pair, but the ePDCCH demodulation and CRC check is still performed once per PRB pair (and only on candidate PRB pairs).
Another reason for the opposition to the dynamic selection of the value of 
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 might arise from the assumption that the value of 
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 has to be transmitted as a DCI, i.e. has to be transmitted on the ePDCCH in the same way as on the PDCCH. Of course, if this is assumed to be the only way to transmit the value of 
[image: image34.wmf]X

, then a chicken-and-egg problem arises, which can be resolved only by limiting 
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 to a single pre-defined value already known by the UE. However, we have already mentioned in Sect. 2 that the value of 
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 (and the value of 
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, if connected to 
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 as on PDCCH) can be detected from ePDCCH DMRS without actual additional costs. Thus, in principle, the information about 
[image: image39.wmf]X

 and 
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 does not need to be explicitly transmitted at all. Whether the values of 
[image: image41.wmf]SCID

n

 and 
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 should be also contained in the DCI transmitted over the corresponding ePDCCH might be FFS.
4 Conclusion and proposal
We have shown that the dynamic selection of the ePDCCH DMRS scrambling sequences, implemented as it is done for the PDSCH, is the most beneficial way to define initialization parameters for ePDCCH DMRS scrambling sequence generator. Therefore we propose to adopt the following working assumption:

For any given UE, the PDSCH and ePDCCH DMRS scrambling sequence generators should be initialized in the same way.
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