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1. Introduction
In DL CoMP transmission in Rel-11, some new transmission scenarios are studied, such as inter-cell MU-MIMO or spatial-splitting within a cell. New requirements to DL DMRS design rise for these new scenarios, and corresponding enhancement was also discussed by many companies. In the RAN1#66bis meeting, the working assumption of DL DMRS enhancement was:
· 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
In this contribution, we further discuss the signalling design for DL DMRS enhancement.
2. Considerations for DMRS Enhancement
In the past meeting, UE-specific scrambling sequence was agreed with fallback to Rel-10 DMRS. How to design and signal the initialization values via DL signaling should be further studied. Since the RNTI based scrambling sequence adopted by port5 cannot support intra-cell MU-MIMO, new sequence initialization should be introduced in addition to current mechanism based on Cell ID. In Rel-10, the DMRS scrambling sequence is expressed by:
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 and the pseudo-random sequence is initialized by
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UE-specific manner for DMRS
To obtain UE-specific scrambling sequence, two types of parameter can be considered for 
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: UE-specific SCID or UE-specific virtual Cell ID. 
· By UE-specific SCID, the 
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in Rel-10 is enlarged or replaced by a UE-specific ID 
[image: image5.wmf]UEID

n

signaled by DL signaling, and the initialization value can be expressed as:
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or 
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where the 
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can be configured to be 0 for fallback to the Rel-10 DMRS.
· By UE-specific virtual Cell ID, the Cell ID in the initialization value can be replaced by a virtual Cell ID, which is higher layer configured and dynamically selected for a UE, with semi-static configurations including Cell ID. The initialization value can be expressed as:
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where the 
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can be configured to be 
[image: image11.wmf]cell

ID

N

 for fallback to the Rel-10 DMRS.
UE-specific SCID can work well in scenario 4 to obtain larger DMRS capacity via cell-splitting. However, since the 
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 is still tied to the Cell ID, it will be problematic to obtain the same scrambling sequence as well as orthogonal DMRS among different cells in other CoMP scenarios (e.g. scenario 3). With UE-specific virtual Cell ID, DMRS sequences of UEs near different RRHs in scenario 4 can also be scheduled via configuration of different virtual Cell IDs for interference randomization. Furthermore, the same scrambling sequence can be easily generated for UEs from different cells via configuration of the same virtual Cell ID. Considering inter-cell MU-MIMO is one of the important motivations to introduce UE-specific scrambling sequence [1], UE-specific virtual Cell ID seems more robust for all CoMP scenarios, which can come a common solution for all 4 scenarios. In the following discussion, we will describe the design of DMRS manner based on the scheme of UE-specific virtual Cell ID.
Proposal 1: UE-specific virtual Cell ID can be considered to obtain UE-specific scrambling sequence for DMRS.
Selection of virtual-Cell-ID
Both scheduling complexity and multiplexing flexibility should be considered during selection of virtual-Cell-ID.
 For scenario which needs more interference randomized spatial-multiplexing resource, e.g. scenario 4, the virtual-Cell-IDs of cell-splitting UEs could be configured differently from any of the Cell IDs of cooperative points for interference randomization. The values outside the whole Cell ID set will be good candidates to ensure different scrambling sequences from cooperative points, e.g. virtual-Cell-ID=504+k. 
For scenario which needs more multiplexing robustness among cells, e.g. cell-edge UEs in scenario3, the virtual-Cell-ID of multiplexing UEs from different cells can reuse the serving cell ID of one of the paired UEs. Then the other paired UE can be cooperatively scheduled and multiplexed with the UEs in selected cell. 
In a word, it is beneficial to allow the virtual-Cell-ID to be configured within or outside the range of current Cell IDs. Considering the signaling overhead, an example of the range of the virtual-Cell-ID can be {0, 1… 1023}. It is noted this range is considered not beyond the length of scrambling sequence.
Signaling of virtual-Cell-ID
A set of virtual-Cell-IDs can be signalled to a UE by UE-specific higher layer signalling. For dynamic selection among Cell ID and virtual-Cell-IDs, implicit or explicit information may be needed in DL assignment. The tradeoff between PDCCH overhead and scheduling flexibility should be taken into count.  The characteristic of limited application scenarios needing not-backward-compatible IDs can be considered to simplify the design. For example, the IDs other than Cell ID are mainly applied for MU-MIMO scenarios, in which only low RIs are needed.  Considering this, the indication information can be jointly encoded with other information in the DCI (e.g. RI indication) to achieve implicit indication or explicit indication with lower overhead.
Proposal 2: The signaling overhead of dynamic initialization values should be minimized, and joint coding with other information in the DCI can be considered.
Considerations on additional orthogonality for DMRS

At the previous meetings, more orthogonal DMRS ports were also discussed by companies [2].  Port 9/10 or port11/13 which are used for SU-MIMO only in Rel-10, were proposed to be reused for MU-MIMO in Rel-11. Since inter-cell MU-MIMO can be supported via UE-specific DMRS sequence, more ports are expected to provide more flexibility for MU-MIMO.
Nevertheless, whether more ports are beneficial should be carefully studied. Since port9/10 occupies different time-frequency resource from port7/8, whether these two ports are multiplexed should be dynamically indicated to UEs. Additional DL signaling and more resource should be assigned for DMRS with this type of non-transparent MU-MIMO. If port 11/13 is reused, though no additional resource is needed and the MU-MIMO can be transparent, the length of Walsh code for different ports should be enlarged to 4. The channel estimation will be degraded especially when only port7/8 is actually scheduled. It should also be noticed that orthogonal DMRS among cells is mainly applied for cell-edge UEs, for which four layers multiplexing is hardly beneficial even with orthogonal ports.
Proposal 3: Benefit of additional orthogonal DMRS ports for MU transmission is questionable and needs to be further investigated.
3. Conclusions

In this contribution, we discuss the detailed design for DL DMRS enhancement. The scheme to support UE-specific DMRS scrambling sequence is analyzed and we propose that 
Proposal 1: UE-specific virtual Cell ID can be considered to obtain UE-specific scrambling sequence for DMRS.
Proposal 2: The signaling overhead of dynamic initialization values should be minimized, and joint coding with other information in the DCI can be considered.
Proposal 3：Benefit of additional orthogonal DMRS ports for MU transmission is questionable and needs to be further investigated.
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