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1 Introduction 
In RAN1 #68, downlink DM RS enhancement for CoMP has been discussed and the followings were agreed as working assumption:

Enhancement to DMRS sequence in Rel-11 DL-CoMP is supported. 

· The scrambling sequence of DMRS for PDSCH on ports 7~14 is initialized by
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· 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.
· Note: Target of harmonization with ePDCCH is FFS
· Note: Target of minimize the modification of any DCI formats for DM-RS sequence
In this contribution, we discuss the remaining issues and further details of DM RS sequence enhancement under the above working assumption.

.
2 Discussion
As it has been intensively discussed, the motivations for DM RS enhancements are point-specific scrambling for shared cell ID scenarios, inter-point orthogonality in separate cell ID scenarios, and flexibility of MU MIMO scheduling [1-7]. 

In the shared-cell ID scenario, assignment of different virtual cell IDs between neighboring points can achieve inter-point DM RS randomization while the motivation for dynamicity of virtual cell ID assignment comes from allowing MU-MIMO paring of Rel-11 UEs with legacy UEs using orthogonal DM RS.
In the separate-cell ID scenario, assigning the same VCI in the border area between the neighboring points can achieve inter-point DM RS orthogonality, and dynamic VCI selection can provide further flexibility in MU-MIMO scheduling by enlarging a MU-MIMO paring pool.
Details of dynamic signaling of  the virtual cell ID
According to the working assumption, for a PDSCH transmission on ports, 
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 is the number of layers used for transmission), the pseudo-random sequence generator is initialised by 
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where 
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 = 0 or 1, and 
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is the virtual cell ID (VCI) replacing the physical layer cell ID (PCI). The UE is configured with multiple candidates for 
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by UE-specific RRC signaling. 
Considering that the main motivation for multiple VCI candidates and dynamic selection is to allow MU-MIMO paring of Rel-11 UEs with legacy UEs, the two candidates for 
[image: image9.wmf]ID

X

 with one of the two corresponding to the PCI are sufficient. Hence, for the dynamic selection of
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, the following options with two VCI values are considered.
Alt. 1) Dynamic indication of 
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 by an additional bit in DCI
Alt. 2) Dynamic indication of 
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 tied to the scrambling identity 
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In Alt 1, the values of 
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 are independently indicated by the scrambling identity field and an additional 1-bit “virtual cell identity” field in  DCI (DCI formats 2B and 2C), respectively. Denoting X0 and X1 as the two RRC-configured values for 
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, the selection of one value in DCI can be indicated as shown in Table 1, 
Table 1 Indication of the VCI for DM RS sequence initialization in Alt. 1
	Virtual cell identity field in 

DCI format 2B or 2C
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In Alt 2, the scrambling identity field alone indicates the selection of the values for both 
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as shown in Table 2.
Table 2 Indication of the VCI and scrambling identity values in Alt. 2
	Scrambling identity field in 

DCI format 2B or 2C
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In Alt 1, since the values of 
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 and 
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 are independently indicated, the functionality of 
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is kept as the same as in Release-10.  However, in Alt 2, the VCI value is tied to the choice of the scrambling identity value and thus there is loss of the scrambling identity functionality as discussed below.
In the shared-cell ID scenario, one choice of the VCI for the UE is X0 = PCI to allow for orthogonal or non-orthogonal DM RS based MU-MIMO paring with the legacy UEs and the remaining choice X1 ≠ PCI can be used to achieve inter-point randomization while allowing orthogonal MU-MIMO paring with Rel-11 UEs associated with the same TP. This configuration however results in the loss of non-orthogonal DM RS based MU-MIMO paring between Rel-11 UEs that are associated with the same TP and configured with the same X0 and X1, i.e., X0 = PCI and X1 ≠ PCI (Note that the setting of VCIs such that X0 (= PCI) for one Rel-11 UE and X1 (≠ PCI) for another Rel-11 UE to achieve non-orthogonal DM RS based MU-MIMO paring between the two is not desirable since it results in limited inter-point randomization). 
In the separate-cell ID scenario, one choice of the VCI for the UE is X0 = PCI to allow for orthogonal or non-orthogonal DM RS based MU-MIMO paring with the legacy UEs and the remaining choice X1 ≠ PCI can be used to achieve inter-point orthogonality between Rel-11 UEs while maintaining DM RS randomization against other neighboring points. Again this configuration results in the loss of non-orthogonal MU-MIMO paring between Rel-11 UEs that are configured with the same X1. (Note that the setting of VCIs such that X0 (= PCI) for one Rel-11 UE and X1 (≠ PCI) for another Rel-11 UE to achieve non-orthogonal DM RS based MU-MIMO paring between the two is not desirable since it results in limited randomization against other neighboring points). 
In summary, the VCI selection tied to the scrambling identity value loses the original functionality of the Rel-10 scrambling identity, i.e., non-orthogonal DM RS based MU-MIMO paring.
Range of the virtual cell ID value
Since the bit width of 
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in Eq. (1) is 31 bits, the allowable integers for 
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= 1637. 
The range of 
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should include the range of the PCI [0, 503] to allow for dynamic MU-MIMO paring between legacy UEs and Rel-11 UEs. However, there seems to be no clear reason for allowing  
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values beyond the PCI range, since there already are an enough number of PCI values to achieve randomization.  The extension of the 
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range can be considered if a clear benefit is shown.
Harmonization with ePDCCH
For ePDCCH DM RS, similar to PDSCH DM RS, inter-point randomization is necessary to achieve spatial reuse of ePDCCH in the shared Cell ID scenario. This can be done by allocating the UE-specific VCI to replace the PCI in the ePDCCH DM RS initialization.

For ePDCCH DM RS, dynamic indication of DM RS sequence initialization by DCI is not feasible since the UE needs to know the DM RS sequence setting before detecting the DCI contained in ePDCCH. Instead UE-specific RRC signaling can be used to configure one value for 
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with a pre-determined value for 
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 or two values for 
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, depending on the outcome of ePDCCH discussion.

3 Conclusion
In conclusion, we propose the followings for DM RS sequence initialization.

For PUSCH DM RS, 

· Dynamic signaling details
· UE-specific RRC configuration of two VCI values
· Dynamic indication of one of the two values by one additional bit in DCI Format 2B/2C, without changing the functionality of the scrambling identity 
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· Range of the VCI 
· Same as the PCIs, i.e., integers in the range [0, 503]
For ePDCCH DM RS,  

· UE-specific RRC configuration of a VCI value 
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