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1. Introduction

At the RAN1 #66bis meeting, there was some discussions related to the design of the downlink demodulation reference signal (DM-RS) for Rel-11 CoMP, and the following items were agreed upon.

· 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

This contribution presents our views on the DM-RS sequence design for Rel-11 CoMP.
2. HetNet Deployment with CA
In Rel-11 CoMP discussions, a total of four scenarios including homogeneous and heterogeneous (HetNet) deployments are investigated [1]. In addition to these four scenarios, we would like to suggest potential CoMP scenarios, i.e., HetNet deployment with a carrier aggregation (CA) [2]. Figure 1 shows a scenario in which a macro cell is configured as the PCell and pico cells (low Tx power RRH cells) are configured as SCells based on intra-band CA. In this scenario, the CoMP operation among pico cells is similar to that in CoMP Scenario 3 if different cell IDs are assigned to the pico cells. If the same cell ID is shared among the pico cells, this deployment scenario is similar to CoMP Scenario 4. Furthermore, if additional carrier type is applied to the Scell, this kind of scenario may be similar to CoMP Scenario 4 (or Scenario 3). Therefore, in such HetNet deployments with CA, a UE-specific DM-RS sequence configuration is basically useful for CoMP operation as well as CoMP Scenarios 3 and 4. In such scenarios, it is desirable that a UE-specific DM-RS sequence should be independently configurable component carrier (CC)-by-CC while the default sequence should be cell-specific as in Rel-10. 
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Figure 1 – HetNet deployment with CA
Proposal 1: UE-specific DM-RS sequences should be independently configurable CC-by-CC while the default sequence should be cell-specific as in Rel-10.
3. DM-RS Sequence for Rel-11 CoMP

In Rel-10, DM-RS sequence 
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where the pseudo-random sequence 
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 at the start of each subframe.
In Rel-11 CoMP, several approaches are considered on how to introduce UE-specific initialization values to the DM-RS scrambling generator [3 - 16]. The following summarizes new parameters “X” and “Y” in the initialization values for the DM-RS scrambling generator.
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· Alt. 1  Semi-static signaling, i.e., higher layer signaling

· Alt. 2  Associate with UEID
· nSCID could be used for switching on/off of UEID association

· Alt. 3  Dynamic signaling associated with transmission point (TP), i.e., CSI-RS configuration
· Dynamic signalling within CoMP set using E-PDCCH blind decoding
· Alt. 4  Combination of semi-static signaling and dynamic signaling, i.e., nSCID [6, 13]
When discussing each alternative, we should consider the following requirements for the DM-RS sequence designs. Some examples are shown in Fig. 2.

(1) Inter-point interference randomization

(2) nSCID utilization for MU-MIMO
(3) DM-RS sequence reconfiguration flexibility

(4) Impact on control signaling, i.e., E-PDCCH
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Figure 2 – Requirements of DL DM-RS sequence
Table I shows a comparison of each alternatives from the viewpoint of each requirement.
· All alternatives can achieve the inter-point interference randomization for all possible scenarios by introducing UE-specific initialization values. 
· For the nSCID utilization, it may be difficult to achieve a flexible MU-MIMO operation using Alt. 2 due to the presence of a unique pseudo random sequence for each UE. Other alternatives could achieve this requirement, but Alt. 3 is the best from the viewpoint of flexibility. Alt. 4 is more flexible than Alt. 1 although the degree of flexibility is still limited. 
· For the DM-RS sequence reconfiguration, eNode B needs to reconfigure higher layer signaling considering each UE position in Alt. 1. In Alt. 4, by associating the higher layer signaling with nSCID [6, 13], the degree of reconfiguration flexibility may be increased. Alt. 2 and 3 does not require reconfiguration in addition to the CoMP set reconfiguration, which is required anyway.

· Regarding the impact to the control signaling, blind decoding for multiple scrambling sequences for E-PDCCH is required in Alt. 3. 
Based on this discussion, Alt. 3 or 4 may be preferred when the flexibility in MU-MIMO operation and sequence reconfiguration is considered. However, if MU-MIMO flexibility is deemed to be less important for small cells in HetNet deployments, Alt. 2 may be preferred as a simple solution.
Table I – Comparison of initialization configuration for DMRS scrambling generator
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Proposal 2: UE-specific DM-RS sequence should be carefully investigated considering which requirement should be prioritized.

· Inter-point interference randomization

· nSCID utilization for MU-MIMO and CoMP

· DM-RS sequence reconfiguration flexibility

· Impact on control signaling, i.e., E-PDCCH
4. Conclusion

This contribution presented our views on the DM-RS sequence design for Rel-11 CoMP. We propose the following.
Proposal 1: UE-specific DM-RS sequences should be independently configurable CC-by-CC while the default sequence should be cell-specific as in Rel-10.

Proposal 2: UE-specific DM-RS sequences should be carefully investigated considering which requirement should be prioritized.

· Inter-point interference randomization

· nSCID utilization for MU-MIMO
· DM-RS sequence reconfiguration flexibility

· Impact on control signaling, i.e., E-PDCCH
Based on the discussion in the contribution, Alt. 3 or 4 may be preferred among the following alternatives when the flexibility in MU-MIMO operation and sequence reconfiguration is considered. However, if MU-MIMO flexibility is deemed to be less important for small cells in HetNet deployments, Alt. 2 may be preferred as a simple solution.
· Alt. 1  Semi-static signaling, i.e., higher layer signaling

· Alt. 2  Associate with UEID

· Alt. 3  Dynamic signaling associated with transmission point (TP), i.e., CSI-RS configuration
· Alt. 4  Combination of semi-static signaling and dynamic signaling, i.e., nSCID
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