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1 Introduction
This contribution describes our consideration on the CSI-RS and DL DMRS to support CoMP in R11.

2 CSI-RS
The R10 CSI-RS definition has the following features:

· One CSI-RS configuration per UE, plus one or more zero-energy CSI-RS configuration per UE
· The REs belonging to one CSI-RS configuration are selected from a set of fixed patterns. That is: there are at most 40 CSI-RS REs per PRB pair, which can be divided into 20/10/5 sets for 2/4/8-CSI-RS ports respectively.
For CoMP operation, some modifications need to be considered:
· Multiple CSI-RS configurations per UE ?

Multiple CSI-RS configurations per UE are necessary for CoMP. For example, one UE can simultaneously monitor multiple CSI-RS configurations so as to report multiple CSIs [1]. Moreover, multiple CSI-RS configurations are helpful for TDD antenna calibration [2].
Note that multiple CSI-RS configurations are required for any of CS/CB, JT CoMP or Dynamic Point Selection. 

Proposal 1: Multiple non-zero-energy CSI-RS configurations per UE should be supported.
· Flexible combinations of REs for a single CSI-RS configuration ?

Flexible combination of REs means that one R11 CSI-RS configuration may be composed of REs coming from multiple R10 CSI-RS configurations. Fig.1 shows two examples for illustration.
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Fig.1 CSI-RS measurement set – 2 ports per cell & 4 ports for two points

Flexible combination of REs can support per Transmission Point (TP) and aggregated cross-TP CSI feedback with the existing PMI/CQI definitions without influencing the traditional single-point CSI-RS measurements. The standardization influence is relatively small, i.e., defining the reserved states of table 6.10.5.2.1 in R10 TS36.211. 

However, the necessity of cross-point CSI feedback depends on the CoMP transmission scheme and the deployment scenarios. For example, JT in scenario 4 (between 4Tx macro and 2Tx pico) would benefit from additional CSI-RS configurations, while CB does not need them. 
Proposal 2: Whether to introduce the possibility to aggregate CSI-RS REs from different CSI-RS resources in a subframe depends on the CoMP schemeand deployment scenario.
3 DL DMRS
The DMRS orthogonality needs to be considered for CoMP:
· Intra-cell orthogonality for CoMP scenario 4.

It should be studied whether the use of the same cell ID in CoMP scenario 4 may necessitate an increase in the available degrees of DMRS orthogonality, considering that the same scrambling sequence derived from one cell ID may brings too much conflict between multiple points.

· Inter-cell orthogonality for other CoMP scenarios.
When a CoMP UE is served by its non-serving cell, DMRS sequence interference will occur regardless of whether the DMRS is generated with the serving cell ID (interference between the CoMP UE and its non-serving cell’s UEs) or the non-serving cell ID (interference between the CoMP UE and its serving cell’s UEs).
One possible solution to ensure inter-cell DMRS orthogonality for multi-cell CoMP is to introduce a virtual cell ID, i.e., allocate a special cell ID to generate the DMRS sequence for multi-cell CoMP transmissions. 
One straight forward solution is to introduce the UE specific scrambling sequence in the form of :
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However, one weak point is that the DMRS sequences are still not completely orthogonal, which may cause higher channel estimation MSE floor and limit the application of advanced receivers.
A better solution that aims to maintain orthogonality (especially for R10 DMRS) is to introduce an orthogonal scrambling sequence in the frequency domain, as shown in Fig. 2.
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Fig.2: 2-D OCC DMRS

In Fig. 2, 
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is the R10 DMRS sequence, and 
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 is the proposed DMRS sequence. Vector 
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 can be suitably selected so as to maintain the orthogonality with R10 DMRS. Two possible vectors could be allocated to 
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The UE has implementation flexibility to determine whether to perform de-spreading or not depending on factors such as the MUI and the frequency domain selectivity. If the UE does not perform the de-spreading in the frequency domain, the orthogonal scrambling falls back to the UE specific scrambling..
For CS/CB or DPS CoMP, the frequency-domain orthogonal scrambling scheme can provide additional orthogonality without needing a virtual cell ID, as shown in Fig.3.
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Fig.3: DMRS allocation for non-JT 






Fig.4: DMRS allocation for JT CoMP

For JT CoMP, the orthogonal scrambling scheme can be employed with virtual cell ID to enhance the orthogonality, as shown in Fig.4.
Proposal 3: Orthogonal DMRS scrambling in the frequency domain, and/or a virtual cell ID for the scrambling sequencey generation, could be considered in R11.
4 Conclusion
We have presented our views on the CSI-RS and DMRS enhancements that are worth considering for CoMP:
Proposal 1: Multiple non-zero-energy CSI-RS configurations per UE should be supported.
Proposal 2: Whether to introduce the possibility to aggregate CSI-RS REs from different CSI-RS resources in a subframe depends on the CoMP schemeand deployment scenario.
Proposal 3: Orthogonal DMRS scrambling in the frequency domain, and/or a virtual cell ID for the scrambling sequencey generation, could be considered in R11.
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