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1. Introduction
This contribution discusses enhancements to downlink reference signals for demodulation (DM-RS) of PDSCH as well as CSI-RS. The current functionality is seen to impose unnecessary limits on multiplexing capabilities, which restricts the potential performance in some cases. Enhancements are proposed to solve the issue, thereby maximizing the performance of MU-MIMO as well as CoMP operation in certain scenarios. 
2. Flexibility for DM-RS
In transmission mode 8 and 9 the reference signal sequence used for demodulation is determined by a pseudo random sequence generator initialized by
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where the slot number, the cell id and a scrambling id indicator (SCID) are seen to determine the RS sequence. The SCID is a 1 bit field signaled in the relevant DCI format (2B or 2C) resulting in two different initialization values
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Together with the orthogonal cover code of length 2, a maximum of four different DM-RS can be used in a cell for MU-MIMO operation. The scrambling sequences are seen to be tightly tied to the cell-ID leading to a rather inflexible system operation that neglects the new deployment types of the future. With shared cell for outdoor (Scenario 4) as well as indoor, many UEs are associated to the same cell-ID even though they may be served by spatially well-separated points. Limiting the number of DM-RS resources to four in the cell therefore seems overly restrictive. The use of different antenna ports in transmission mode 9 in a shared cell setting is illustrated in Figure 1.
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Figure 1: A shared cell setting where different UEs use different DM-RS based antenna ports
(and hence typically different DM-RS sequences).
The limitations of the present cell specific scrambling concept were discussed and recognized in RAN1 #66bis meeting and it was agreed to introduce more flexible DM-RS sequence functionality. The chairman minutes below make it clear that the two initialization values 
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can now be configured semi-statically in a UE specific manner.
· 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

The decision basically says that the SCID bit in the DCI format is used to choose between 
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 and that the values of 
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 are configurable. The details on how to configure these initialization parameters are however still an open issue. From a system operation point of view it would be highly desirable if DM-RS sequences could be coordinated across neighboring cell borders or borders of service areas of neighboring points. Complete orthogonality of DM-RS could then be achieved between two different co-scheduled UEs on opposite sides of such borders. This would be a generalization of orthogonal DM-RS for MU-MIMO but the MU-MIMO operation would now be conducted across a cell/service area border. Obviously, the system should also be able to dynamically co-schedule two UEs with orthogonal DM-RS within the cell/service area. An illustration of such DM-RS sequence coordination is provided in Figure 2.

[image: image10]
Figure 2: Coordination of orthogonal DM-RS sequence for MU-MIMO across service area border using a shared 
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 (green) while dynamically switching to service area specific 
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 for MU-MIMO within service area (blue or red). 

To support the above described way of DM-RS coordination as well as dynamic switching to MU-MIMO within cell/service area a few basic properties of the configurability of DM-RS needs to be fulfilled as proposed below.

Proposal

· The two DM-RS sequence initialization parameters 
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 EMBED Equation.3  [image: image14.wmf]init,2
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, out which one is selected by the SCID bit in the DCI format, can be independently configured

· The independent configurability is such that 
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 can correspond to any Rel-10 DM-RS sequence regardless of cell-id used.
3. Flexibility for CSI-RS

The previous section demonstrated how the tight dependence on the cell-id unnecessarily limited the use cases for area splitting gains via DM-RS within the cell. CSI-RS exhibits a similar problem, although to a lesser extent. The sequences used for CSI-RS are also in this case tied to the cell-ID with an initialization given by the formula 
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(3)
Observation

· Also the CSI-RS sequences are unnecessarily tied to the cell-ID

For common deployments like 2 Tx per point the re-use factor of CSI-RS is rather high – 20 per subframe offset. Limitations in area splitting gains for those cases seem to be less of a problem. The re-use factor is however only 5 for 8 CSI-RS ports and together with certain TDD configurations, the use of subframe offsets are severely constrained. For the near and mid-term future the re-use of CSI-RS may be sufficient but eventually as the capacity needs increase and densification networks proceeds, the current sequence allocation for CSI-RS may face unnecessary limitations that would be best to avoid in an as early release as possible to make sure that essentially all UEs support the functionality by the time it is needed.
Observation

· Re-use factor for CSI-RS is in some cases limited

· Eventually as networks become denser CSI-RS limitations may becomes an issue
· Address problem already now to avoid future problems with legacy UEs

Proposal

· Let 
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 in the CSI-RS sequence initialization be a configurable parameter
Note that making 
[image: image19.wmf]cell

ID

N

 configurable as in the proposal automatically ensures that also Rel-10 UEs can measure on the CSI-RS if the configured value is made equal to the cell-ID. In cases where there are no Rel-10 UEs, a negligible amount of Rel-10 UEs, or CSI-RS based feedback for those UEs are not deemed to be necessary, values different from the cell-ID may be configured for Rel-11 UEs and beyond.
4. Conclusions
In this contribution we discussed more flexible setting of RS sequences for enhanced multiplexing capability within a cell. Based on the discussion we propose for DM-RS sequence generation that
· The two DM-RS sequence initialization parameters 
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, out which one is selected by the SCID bit in the DCI format, can be independently configured

· The independent configurability is such that 
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and 
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 can correspond to any Rel-10 DM-RS sequence regardless of cell-id used.
For CSI-RS we observe that

· Also the CSI-RS sequences are unnecessarily tied to the cell-ID

· Re-use factor for CSI-RS is in some cases limited

· Eventually as networks become denser CSI-RS limitations may becomes an issue

· Address problem already now to avoid future problems with legacy UEs
and therefore propose

· Let 
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 in the CSI-RS sequence initialization be a configurable parameter
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