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1 Introduction
In 3GPP RAN1 #59bis meeting, standardization impact of downlink CoMP has been discussed and some consensus has been reached on the deployment scenario of DL CoMP. That is, “for Rel-10, any DL CoMP scheme will not include any new standardised X2 interface communication for support of multi-vendor inter-eNB CoMP”. Therefore, the scope of DL CoMP in Rel-10 will be only limited to intra-eNB techniques. 
This agreement facilitated the development of the evaluation scenarios and assumption for DL CoMP which provides the ground for the comparison between DL CoMP and single-cell operation. The system evaluation of DL CoMP which is being conducted could help us answer the question: What DL CoMP could bring us? 

On the other hand, the standardization impact of DL CoMP is still needed to be further discussed to have a complete picture of DL CoMP. That is, if we decide to support DL CoMP, what kind of potential standardization supports we should provide to enable DL CoMP? In this contribution, we are trying to address this issue. 
2 CoMP Standard Issues
As discussed by most of the contributions in 3GPP RAN1 #59bis meeting, the standard issues related to DL CoMP mainly lay in the following fields: CSI-RS design and feedback information in support of CoMP.

2.1 CSI-RS Design

In DL CoMP, it is crucial for a CoMP UE to have good knowledge of the channels from the cells in the CoMP measurement set. This property which is referred as “multi-cell CSI measurement” in [1] is enabled through CSI-RS design. There are several ways to design the CSI-RS pattern to enable this property. For example, one way is to enable orthogonal CSI-RS patterns between different cells. 
Multiple methods can be used to ensure the orthogonality between CSI-RS patterns (more detailed discussion can be seen in [2]):

1. allocating a cell specific time offset for the transmission of CSI-RS in units of sub-frames and thereby separating the CSI-RS from different cells in the time domain
2. allocating a cell specific frequency offset for the transmission of CSI-RS in units of PRB using PRB sparse CSI-RS transmission as suggested in [3].
3. using multiple CSI-RS patterns that are orthogonal to each other within a single PRB-pair.
Considering about the specific application scenario of DL CoMP, Samsung would prefer to use method 3 to enable the multi-cell CSI measurement.

Furthermore, since some sort of CoMP technologies are especially beneficial for cell-edge UEs to improve cell-edge user throughput, in addition to enable orthogonal CSI-RS patterns between different cells, puncturing PDSCH REs which collide with CSI-RS should also be considered once sufficient gains are observed.
2.2 Feedback Information 
As explored by most ITU evaluation results in [4], the performance of DL CoMP depends largely on the underlying feedback information. Even though there a variety of ways to provide feedback support for DL CoMP, it is desirable that the feedback information for DL CoMP lies in the same feedback framework for single-cell operation. In this section, we follow the paradigm of Rel-8 type of feedback and discuss the CQI/PMI/RI support for DL CoMP including both CoMP CB/CS and CoMP JP.

2.2.1 Feedback Support for DL CoMP CB/CS

As suggested in the ITU evaluation, the main advantage of DL CoMP CB/CS lies in the cell-edge user throughput improvement. In this case, it may be more beneficial to restrict rank 1 feedback in support of DL CoMP CB/CS. 

Similar to the Rel-8 PMI/CQI feedback for single cell operation; the feedback information for DL CoMP CB/CS could also have also two components: PMI and CQI feedback.
In PMI feedback, the UE is needed to inform the cells in the CoMP measurement set on the spatial directions of the underlying channels. Multiple methods can be used to feedback these spatial information depending on the feedback granularity:

· If the feedback granularity is large, that is, a single PMI or CDI is sufficient to capture the accurate principal spatial direction of the channel, a single PMI/CDI for the cells within CoMP measurement set would suffice the PMI feedback support for CoMP CB/CS. In this way, the single PMI/CQI feedback for the cells within CoMP measurement set is a special case of the worst-companion feedback introduced in [5]. 
· If the feedback granularity is small (for example, Rel-8 codebook), multiple PMIs may be needed to capture the principal spatial direction or null-direction of the interfering channels. In this way, UE may need to feedback multiple PMIs to capture either the signal space or the null space of the interfering channels as suggested in worst/best companions’ feedback in [5] and “PMI coordination” in [6]. Note that the multiple PMIs feedback is used to improve precoding flexibility at the interfering cells. 

In CQI feedback, as a baseline UE is needed to provide single-cell CQI feedback as a companion to the serving cell PMI feedback. That is, the UE needs to feedback a single-cell CQI under hypothesis of single-cell operation. Additional CQI feedback may be needed as suggested in [7] [8] to help the network to figure out the post-CoMP CB/CS CQI. Furthermore, for a particular cell/transmission point, it may receive multiple CoMP CB/CS requests from multiple cells/transmission points; therefore, additional CQI value would also help the network to select among multiple requests as discussed in [6].

2.2.2 Feedback Support for DL CoMP JP

As discussed in [9], the feedback support for DL CoMP CB/CS can be easily extended to CoMP JP.

In PMI feedback, in addition to the PMI feedback in support of DL CoMP CB/CS, inter-cell information among the cells with CoMP measurement set should be fed back as well. It seems that most of the companies believe that the inter-cell phase information would be sufficient as the inter-cell information for the case of rank 1 DL CoMP JP. 

It is obvious that the CQI value of DL CoMP JP depends on the UE’s hypothesis on the number of transmission points as discussed in [10].  Similarly as in the CQI feedback for DL CoMP CB/CS, UE could potentially feedback additional CQI values to help the network figure out the post-CoMP CQI. This can be achieved by feeding back additional CQIs values based on different hypothesis on the transmission points.
2.3 Other Standard Issues
For the transmission side of DL CoMP, it is general understanding that no major standard efforts are needed. That is, the transmission of DL CoMP is transparent as opposed to single-cell operation. However, for DL CoMP JP, this kind of complete transparency may be harmful. For example, the Rel-8 CRS and CoMP JP PDSCH REs may collide with each other resulting in performance loss [11]. In this case, an indication of the collision positions of the CRS and CoMP JP PDSCH REs may be needed for CoMP JP. 
Since the size of CoMP measurement set might be large the feedback overhead for DL CoMP CB/CS and DL CoMP JP might also be large. In this case, methods for reducing CoMP feedback overhead should be considered. For example, as discussed in [12], it might be desirable for the UE to know the CoMP cooperating set (a subset of the CoMP measurement set) to reduce the feedback overhead. 

3 Conclusion

In this contribution, we discussed the potential standard supports for both DL CoMP CB/CS and DL CoMP JP. These understandings are important for us to have a complete picture of what CoMP would bring us. 
It is shown that the feedback of CoMP can be supported using Rel-8 type feedback. However, additional PMI/CQIs may be needed depending on the specific DL CoMP technologies. CSI-RS design should consider the property of the “multi-cell CSI measurement” and additional downlink signalling could be helpful for avoiding data and RS collision in the DL CoMP JP operation.
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