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1 Introduction

Dedicated CSI-RS configuration has been included in Rel-10 for single cell operation (e.g., how to support 4Tx MIMO UE in 8Tx network) [1]. In this document, we discuss how to reuse Rel-10 CSI-RS configuration for multi-cell operation with minimum extensions.
2 Overview
2.1 CoMP Scenarios

Several CoMP scenarios are under considerations in CoMP study item. At this stage it is still difficult to conclude which scenario(s) shall be supported because the evaluations are still ongoing. However we note that the operations for different scenarios share a large proportion of commonality. Therefore we think it is still useful to discuss CoMP operation for different scenarios.
In this document we focus on the operation for scenario 3 (heterogeneous low power node (LPN) with difference cell ID) and scenario 4 (heterogeneous LPN with same cell ID). Operations for scenarios 1 and 2 are omitted just for the simplicity of the discussion. We think the similar thinking can be applied well.
2.2 Transmission Schemes

Currently coordinated beamforming (CB) and joint transmission (JT) are main transmission schemes under consideration. We illustrate the two schemes in figs. 1a and 1b, respectively.
In the following text, we assume the following notations: UE1 is associated with LPN, which can be in either single cell mode or CoMP mode; UE2 is associated with macro, which can be in either single cell mode or CoMP mode. 

We also assume 2Tx LPN and 4Tx macro in the rest of this document. Other antenna configurations may be derived similarly.


[image: image18.emf]
Fig. 1a Illustration of CB



Fig. 1b. Illustration of SFN-JT

2.3 Per-Cell Operation and Joint Cell Operation
There are mainly two possible categories of CoMP operation: per-cell and joint cell. 
For per-cell operation, in general the measurement and feedback are carried out for each transmission point. This operation enables both CB and JT transmission, and can easily fall back to single cell operation. However this may increase UE complexity to a certain extent.
For joint-cell operation, in general the measurement and feedback are carried out for the concatenated channel from multiple transmission points. In UE’s perspective, this operation is almost identical to single cell operation and JT can be easily supported. On the other hand, there are some remaining issues for this operation: 1) it is not so easy to fall back to single cell operation; 2) how to support CB; and 3) codebook design for the CSI-RS ports from multiple transmission points.
We can see that per-cell and joint-cell operation have their own pros and cons, respectively. In the following sections, we discuss them for scenario 3 and scenario 4.
3 Scenario 3
3.1 Scenario 3 Per-cell Operation
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Fig. 2a. Transmission from LPN              Fig. 2b. Transmission from macro

Fig. 2a and 2b depicts transmission from LPN and macro, respectively. Depending on UE’s configuration, the received signals may be interpreted differently from UE’s perspective.
If UE1 (LPN UE) is configured in CoMP/single cell mode, the received signal in UE1’s perspective is shown in Fig. 2c/2d, respectively.
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        Fig 2c. UE1’s perspective (CoMP mode)        Fig 2d. UE1’s perspective (single cell mode)       
The signalling from LPN to UE1 may include:

· CoMP mode configuration (to UE1)
· eNB indicates UE1: 

· 2 CSI-RS port associated with LPN

· 4 CSI-RS port associated with macro

· And the cell ID of macro for descrambling

· eNB configures UE1 to report

· PMI/CQI/RI corresponding to LPN

· PMI/CQI/RI corresponding to macro 

· or BCI if better CB is needed

· Phase offset if JT is to be supported

· Single cell mode configuration (to UE1)
· eNB indicates UE1
· 2 CSI-RS port associated with LPN

· Muting associated with 4CSI-RS port with macro

· eNB configures UE1 to report

· PMI/CQI/RI associated with LPN
If UE2 (macro UE) is configured in CoMP/single cell mode, the received signal in UE2’s perspective is shown in Fig. 2e/2f, respectively.
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        Fig 2e. UE2’s perspective (CoMP mode)          Fig 2f. UE2’s perspective (single cell mode)
The signalling from macro to UE2 may include:

· CoMP mode configuration (to UE2)
· eNB indicates UE2: 

· 4 CSI-RS port associated with macro

· 4 CSI-RS port associated with LPN

· And the cell ID of LPN for descrambling

· 2 of the four ports have zero power

· eNB configures UE2 to report

· PMI/CQI/RI corresponding to LPN

· PMI/CQI/RI corresponding to macro 

· or BCI if better CB is needed

· Phase offset if JT is to be supported

· Single cell mode configuration (to UE2)
· eNB indicates UE2
· 4 CSI-RS port associated with macro

· Muting associated with 4CSI-RS port with LPN

· eNB configures UE2 to report

· PMI/CQI/RI associated with macro

· It is easy to extend the above operation to the cases that macro and LPN port are in different subframes
3.2 Scenario 3 Joint Cell Operation
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 Fig. 3a. Transmission from LPN          Fig. 3b. Transmission from macro

Fig. 3a and 3b depicts transmission from LPN and macro, respectively. We note that the scrambling of the CSI-RS and PDSCH from macro is scrambled by LPN’s cell ID or CoMP ID. Depending on UE’s configuration, the received signals may be interpreted differently from UE’s perspective.

If UE1 (LPN UE) is configured in CoMP/single cell mode, the received signal in UE1’s perspective is shown in Fig. 3c/3d, respectively.
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    Fig. 3c. UE1’s CoMP mode                   Fig. 3d. UE1’s single cell mode

The signalling from LPN to UE1 may include:
· CoMP mode configuration (to UE1)
· eNB indicates UE1: 

· 8 CSI-RS port (scrambled by LPN cell ID or CoMP ID)

· 2 out of the 8 ports have zero power

· eNB configures UE1 to report

· PMI/CQI/RI corresponding to the 8 CSI-RS ports

· Single cell mode configuration (to UE1)
· eNB indicates UE1
· 8 CSI-RS port (scrambled by LPN cell ID or CoMP ID)

· 6 out of the 8 ports have zero power

· Alternatively, 2 CSI-RS port (corresponding to LPN)

· And there are 6REs muted

· eNB configures UE1 to report

· PMI/CQI/RI corresponding to the 8 (or 2) CSI-RS ports

In general the configuration in case of joint-cell operation could be quite similar to single cell configurations. Moreover, in case of SFN-JT, UE2 in macro cell maybe configured to not measure the subframe containing UE1’s CSI-RS ports. In case of MU-JT, UE2’s configuration would be the same as UE1 to measure on the same sets of CSI-RS ports.
4. Scenario 4

4.1 Scenario 4 Per-TP Operation
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Fig. 4a. UE1’s CoMP mode                           Fig. 4b. UE1’s single cell mode

Fig. 4a and 4b depicts transmission from LPN and macro, respectively. 
In general the UEs may receive CSI-RS from different transmission points simultaneously, which implies the following configuration is UE’s perspective, as shown in Fig. 4c and 4d for UE1 and UE2, respectively.
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Fig. 4c. UE1’s configuration                        Fig. 4d. UE2’s configuration
The signalling from LPN to UE1 may include (for JT purpose):

· CoMP JT configuration (to UE1)
· eNB indicates UE1: 

· 2 CSI-RS port associated with LPN

· 4 CSI-RS port associated with macro

· eNB configures UE1 to report

· PMI/CQI/RI corresponding to LPN

· PMI/CQI/RI corresponding to macro 

· Phase offset if JT is to be supported
The signalling from LPN to UE1 may include (for CB purpose):
· CoMP CB configuration (to UE1)
· eNB indicates UE1: 

· 2 CSI-RS port associated with LPN

· 4 CSI-RS port associated with macro

· The four ports are associated with interference but not signal

· eNB configures UE1 to report:
· PMI/CQI/RI corresponding to LPN

· PMI/CQI/RI corresponding to macro 

· PMI that cause smallest interference
4.2 Scenario 4 Joint TP Operation

The operation of scenario 4 joint cell operation could be quite similar to scenario 4 per-TP operation. The main difference would be that the eNB configures UE to report PMI/CQI/RI corresponding to the 6 CSI-RS ports.
We note that for both joint cell and per-cell operation in scenario 4, it is also possible to set 8 CSI-RS ports (with 2REs muted) to be more aligned with current CSI-RS port patterns (i.e., no 6 CSI-RS ports in current patterns).
5. Summary
In this document, we discuss CoMP operation based on dedicated CSI-RS ports. We believe the Rel-10 dedicated CSI-RS configuration is also useful in Rel-11 CoMP operations. Some possible extension from Rel-10 may include:
· Indication of multiple sets of CSI-RS ports

· Instead of one set of CSI-RS ports

· Potential indication of association between CSI-RS ports and cell ID
· In scenario 4, indicate that some ports are associated with interference.
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