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1 Introduction 
The following agreement and working assumption are reached in previous RAN1 meetings:
Agreement:
· The same scrambling sequence generator is used for ePDCCH DM-RS as PDSCH DMRS
Working assumption:
· The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by 
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- Details of nSCID and X is FFS
This contribution further discusses the details in DMRS sequence initialization for ePDCCH.      
2 DMRS scrambling sequence
It is well recognized in study of DMRS sequence initialization for PDSCH that the motivation to have UE-specific dynamic selection of initialization seed X from multiple UE-specific candidates is the better support of switching between DMRS orthogonality and interference randomization, as well as of switching between DMRS orthogonality with intra-TP UE and with inter-TP UE. The same motivation still exists in the design of ePDCCH DMRS, due to following facts:

· ePDCCH DMRS and PDSCH DMRS have the same sequence generator, the same allocated RE sets and the same port definition. The orthogonality/quasi-orthogonality issue involving with ePDCCH DMRS can be just the same as between two PDSCH DMRS. 

· The robustness of control signalling transmission is more important than that of PDSCH. What is more, in the NCT where no legacy PDCCH is transmitted, the number of ePDCCH transmissions could be even more than number of PDSCH transmissions. So it should be carefully studied to port positive features of PDSCH DMRS into ePDCCH DMRS design.

· ePDCCH does not support high rank transmission, which means it should have better chance than PDSCH to meet the condition for DMRS orthogonality with another ePDCCH or low rank PDSCH. 
So, similar to PDSCH, the configuration of candidate X for ePDCCH should be UE-specific. 

Proposal-1: UE-specific configuration of parameter X in ePDCCH DMRS scrambling sequence initialization should be supported.
Different from PDSCH DMRS, for which the parameter nSCID is provided by accompanied DCI scheduling message, ePDCCH DMRS has no information source providing nSCID value. Therefore, it seems straightforward to assign nSCID to a fixed value, e.g., 0. 

Proposal-2: The value of nSCID in equation of cinit is fixed and equals to zero.
With nSCID fixed to 0, the only way to support dynamic switching of sequence initialization state cinit is to have multiple candidate values of seed X for the dynamic selection. Such dynamic selection can be based on either blind detection or certain implicit scheduling knowledge, depending on whether ePDCCH is allocated within full PRB pair or not.  

ePDCCH occupying full PRB pair

When ePDCCH occupies full PRB pair, the additional blind detection complexity caused by dynamic selection between two X candidates can be controlled not too large. The principle is to introduce two candidate values and therefore the blind detection just for certain but not all ePDCCH candidates in the search space. Take one example as shown in Table 1, which lists the number of blind detections for each aggregation level, based on the ePDCCH candidate design in [7]. In this example, the parameter X can have two candidate values only when AL=4. Consequently, the total number of blind detection increases from 54 to only 66. In order to further reduce the implementation complexity, UE can perform blind detection on AL=4 only when UE can skip ePDCCH detection for AL=1 due to coding rate larger than certain threshold [7]

 REF _Ref324711750 \r \h 
[8]. In summary, blind detection with two candidate values of X is introduced only to the ePDCCH candidates for which such blind detection benefit is mostly needed. One example of such circumstance is when UE locates around TP edge area. 
	Aggregation level (AL)
	1
	2
	4
	8

	ePDCCH candidates [7]
	8, localized
	4, localized
	4, localized
	2, distributed

	Number of candidate values for X
	1
	1
	1 (no blind detection);

2 (with blind detection)
	1

	Number of DCI formats tried in detection
	3 (1A/2C/4)
	3 (1A/2C/4)
	3 (1A/2C/4)
	3 (1A/2C/4)

	Total number of blind detections
	24
	12
	12(no blind detection);

24 (with blind detection)
	6


Table 1 Number of blind detections
ePDCCH not occupying full PRB pair

It is generally true that the smaller the single ePDCCH allocation size, the more ePDCCH candidates in search space for blind detection. When ePDCCH does not occupy full PRB pair, the total number of blind detections could be large enough even with single X candidate. So we do not recommend blind detection to support dynamic selection between two candidate values of X whenever ePDCCH does not occupy full PRB pair. One solution in this case is to associate the candidate value of X to CDM group of DMRS, i.e., one value of X associates with ports {7,8} and another associate with ports {9,10}. 
Proposal-3: Maximum two candidate values for X should be supported, and the dynamic selection between the two candidates, if configured, is as following:

· If ePDCCH occupies the full PRB pair, UE decides value of X to be used by performing blind detection on selected ePDCCH candidates in search space. 

· If ePDCCH does not occupy the full PRB pair, UE decides value of X to be used by assuming each of two candidate values associated to different CDM group of DMRS, i.e. one value is used with ports {7,8} and another is used with ports {9,10}.
It should be noted that, the DMRS orthogonality should be supported regardless whether the paring ePDCCH DMRS occupying the full PRB pair or not, such as the examples shown in appendix. 
3 Conclusion
This contribution proposes that:

Proposal-1: UE-specific configuration of parameter X in ePDCCH DMRS scrambling sequence initialization should be supported.
Proposal-2: The value of nSCID in equation of cinit is fixed and equals to zero.

Proposal-3: Maximum two candidate values for X should be supported, and the dynamic selection between the two candidates, if configured, is as following:

· If ePDCCH occupies the full PRB pair, UE decides value of X to be used by performing blind detection on selected ePDCCH candidates in search space. 
· If ePDCCH does not occupy the full PRB pair, UE decides value of X to be used by assuming each of two candidate values associated to different CDM group of DMRS, i.e. one value is used with ports {7,8} and another is used with ports {9,10}.   
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Appendix. Examples of ePDCCH DMRS orthogonality pairing
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