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1
Introduction
In RAN1#68bis, the following agreement and working assumption was made regarding EPDCCH DMRS:

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


Working assumption:
· [image: image1.emf](
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The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by

·  Details of nSCID and X is FFS

Related to this, for PDSCH DMRS the following has been agreed about X and nSCID in RAN1#68, RAN1#68bis and RAN1#69:

· X is a parameter whose value is dynamically chosen from {x(0), x(1), … x(N-1)} for N>1, and x(n) (0<=n<N) are configured by UE-specific RRC signaling.  

· The value of N and details of dynamic selection are FFS.
· X could be dynamic signaling with additional bits of DCI format or 

· Tied to current parameter, e.g., nSCID
· The value range of x(n) (0<=n<N) is FFS.
· For the DMRS sequence initialization
· Two candidate values of X are configured: x(0) and x(1)

· nSCID  is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2
· Note that nSCID equals to 0 for the rank larger than 2 and x(0) is used

Furthermore the value range of x(n) is 0-503 and the default values of x(0) and x(1) equal to physical cell ID. In this contribution we discuss how to set X and nSCID for EPDCCH.
2
Discussion
For EPDCCH transmissions, the requirements for the scrambling sequence definition seem to largely follow what is required for UE-specific RS scrambling sequences for PDSCH. In [1] we listed a number of use cases that the scrambling sequences should enable for PDSCH, and most of the use cases are valid also for EPDCCH transmissions. In particular, the scrambling sequences should enable spatial reuse of the control resources which was agreed as one motivation to specify the enhanced control channel. Obviously, the scrambling sequences should also enable interference randomization between the transmission points. Finally, while there is no agreement to add explicit support of MU-MIMO as such for ePDCCH, orthogonalized antenna ports are anyway needed for multiplexing EPDCCHs intended for multiple UEs within the same PRB pair. MU-MIMO can then be implemented by the eNB in a UE-transparent way similar to PDSCH provided that the association between antenna ports and EREGs supports it [2]. Hence support should be provided for allocating a common scrambling sequence for multiple/all UEs within one transmission point coverage. The same scrambling sequence is also needed for antenna port sharing in case of distributed allocations.
It seems like simply configuring the value of X UE-specifically would provide support for all above-mentioned aspects. In this case it is very likely that the eNB would configure the same sequence for all UEs under the same transmission point coverage due to antenna port orthogonality and due to antenna port sharing in context of distributed allocations. From that perspective, since it is likely that the eNB would configure a transmission point –specific sequence also for PDSCH DMRS, even reusing one of the UE-specific RS sequences configured for PDSCH could be one feasible solution. However configuring a completely separate sequence does not impose significant additional overhead either. If a default value is needed for X, the physical cell ID seems like the most sensible choice. Furthermore, obviously X should take on values from the same range as for PDSCH DMRS, i.e. 0 to 503.
It has also been proposed to have multiple scrambling sequences configured for EPDCCH, similarly to PDSCH DMRS. This seems mainly motivated by providing support for changing the transmission point dynamically. It should be noted that it was already agreed that coding chain rate matching around CRS is used as the approach for resource mapping of EPDCCH which implies that the UE has to be aware of the transmitting cell. Hence any dynamic point selection for EPDCCH would be applicable only in shared cell ID –scenarios. Furthermore, related to the issue of which antenna ports the UE may assume quasi-colocated, it should be noted that it is not yet clear if DMRS are well applicable to be used as a timing reference [3]

 REF _Ref331753146 \r \h 
[4], especially in case of EPDCCH where robust reception is required. Also from this perspective dynamic point selection for EPDCCH may turn out to be infeasible.
Several approaches for determining the used scrambling sequence out of multiple sequences have been proposed. In one approach the UE will have to detect the EPDCCH using multiple scrambling sequence hypotheses [5]
. In this case precious blind decoding attempts are consumed for detecting the correct scrambling sequence which would most likely increase blocking probability. Alternatively the UE would detect the used sequence with a correlation –based approach [5]
 which would increase UE complexity and could also cause reliability issues in EPDCCH detection. In another approach demodulation with multiple different scrambling sequence hypotheses is not necessary, but the UE is using different scrambling sequences either in different PRB pairs [6] or for antenna ports corresponding to different CDM groups [7]. In these cases the number of blind decoding attempts per sequence still has to be reduced, which would clearly reduce the benefits of having multiple sequences in the first place.
Finally, in [8] it was also proposed that localized and distributed allocations could be based on different scrambling sequences. In the case that multiplexing of localized and distributed allocations within the same PRB pair are not allowed, this could be possible. On the other hand, this would require signaling of two values of X, e.g. x(0) and x(1) to the UE without any obvious benefit. Furthermore if multiplexing of localized and distributed allocations are allowed to be multiplexed within the same PRB pair, it may be necessary to utilize the same scrambling sequence unless antenna ports with different CDM groups are associated with localized and distributed allocations.

Hence as discussed above, clearly the benefits of these approaches should be quantified before adopting such proposals. Our view is that only one scrambling sequence should be configured for EPDCCH DMRS.

3
Conclusions

In this contribution we have discussed scrambling sequences for EPDCCH DMRS. Based on the discussion our proposals can be summarized as follows:
Proposals:
· For reception of EPDCCHs within the UE-specific search space, X equals x(0) and nSCID=0. 

· x(0) is between 0 and 503, and x(0) is UE-specifically configured.

· The default value of x(0) equals the physical cell ID of the serving cell.
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