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1
Introduction
In this contribution we discuss aspects related to Rel-11 DM-RS configuration in support of downlink CoMP, particularly with regard to the initialization of the sequence generator.  In this context, our preference is to introduce the concept of a virtual cell ID in place of the actual cell ID in the Rel-10 formula.  We do not envision that there is a need for additional changes beyond this modification as a configurable “virtual” cell ID already provides sufficient flexibility. 

Related to CoMP demodulation reference signals in general, we further express the view that CRS-based demodulation should be considered due to the attractive overhead savings in 2Tx antenna deployments [1].  Other companion papers address CSI-RS sequence design [2] and CSI-RS configuration [3].  Feedback and interference measurement aspects are addressed in [4] – [6].  

2
DM-RS scrambling in Rel-11
In Rel-10, the DM-RS pseudo-random sequence generator is initialized with
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at the beginning of each subframe [5] where 
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represents the slot number, 
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 is the cell-ID for the serving cell and 
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is dynamically conveyed to the UE in the DCI format 2B/2C associated with a PDSCH transmission.  

At RAN1#66bis, it was discussed that linking 
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 directly to the cell-ID of the serving cell can be disadvantageous, especially in CoMP Scn-4 where all points share the same cell-ID and sufficient interference randomization may therefore be difficult to achieve.  In line with this discussion, the following working assumption was agreed at RAN1#66bis: 

· Same DMRS sequence generator as in Rel-10 is used.
· A UE can be semi-statically configured in a UE-specific manner, which initialization values for DMRS scrambling generator are available for dynamic selection.
· Initialization values can be configured to correspond to Rel-10 DMRS. 

· FFS: Introduction of additional orthogonality for DMRS
2.1
DM-RS scrambling based on a configurable virtual cell ID
In our view, the DM-RS scrambling in Rel-11 should reuse the Rel-10 design as much as possible.  To address the undesirable linkage to the cell-ID, we propose to simply replace 
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 in (1) with a semi-statically configurable value, say, 
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  Admissible values for 
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would correspond to arbitrary cell-ID values without linkage to the actual cell-ID of the UE’s serving cell.  In short, 
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could therefore be regarded as a “virtual cell-ID.”  The sequence generator initialization would then be given by
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(2)
The additional flexibility provided by this proposal is illustrated in Figure 1.  In this example, Point A and Point B may assign three sets of distinct virtual cell-IDs: one each for UEs close to either points and one for UEs that are located between the two points.  Within each of these sets, dynamic SU/MU-switching is possible in the same way as in Rel-10.  Furthermore, for the UEs located between the points, dynamic pairing among UEs associated with either point is possible. 
It is important to note that 
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is not affected by this change.  In our view this is an important consideration as it enables a better reuse of Rel-10 functionality and implementations while providing sufficient additional flexibility for Rel-11 as explained above. 
Proposal 1: 
· Sufficient flexibility is provided by adopting the sequence generator initialization shown in Eqn. (2)
· Replaces the Rel-10 cell-ID, 
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, with a semi-statically configured value 
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· The choice 
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 is not affected and enables a better reuse of Rel-10 functionality
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Figure 1: Illustration of scrambling initialization
It is important to note that the arrangement in Figure 1 allows the MU-MIMO multiplexing of Rel-10 and Rel-11 UEs when the following settings are utilized: 
· 
[image: image16.wmf]cell

ID

N

x

=

 of Point A (first low power node)

· 
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 of Point B (second low power node)

· 
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 of Point C (macro cell, not shown in Fig. 1)

2.2
Other approaches

Other proposals have been made on how to make the DM-RS scrambling initialization more flexible in Rel-11.  These include introducing some type of UE-ID in the scrambling formula (1) or using the SCID bit to switch among multiple separately configurable configurations.

In our view, the additional flexibility provided by the above methods is not needed.  In fact, if some form of UE-ID is introduced and that UE-ID is actually intended to be different among most if not all UEs, it would no longer be possible to support completely orthogonal DM-RS.  
It is also questionable whether the increased flexibility associated with redefining the SCID bit warrants a change of this functionality.  Specifically, enabling such a dynamic switching between multiple virtual cell ID configurations would lead to reduced MU-MIMO multiplexing opportunities with Rel-10 UEs.  Furthermore, the complexity of UE implementations would increase as the special structure of the Rel-10 DM-RS scrambling sequence formula may no longer be possible to exploit. 
3
Conclusions

In conclusion, this contribution has proposed a more flexible initialization of the DM-RS sequence generator for Rel-11.  Our detailed views and proposals can be summarized as follows: 
· Sufficient flexibility is provided by adopting the sequence generator initialization shown in Eqn. (2)
· Replaces the Rel-10 cell-ID, 
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, with a semi-statically configured value 
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· The choice 
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 is not affected and enables a better reuse of Rel-10 functionality
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