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1 Introduction 
It was agreed at the RAN#50 meeting that discussion on coordinated multi-point (CoMP) transmission / reception would begin from this RAN1 meeting [1]. In this contribution we provide a high-level view of the aspects of downlink CoMP which we consider worthy of further study during the CoMP Study Item phase in Rel-11 time frame [1].

CoMP transmission is a promising technique that can improve the cell-edge throughput performance. Our views are based on previous findings for macro networks [2] but we also propose to extend that study to new areas. We believe that CoMP in heterogeneous deployments (macro+pico or macro+RRH), has the potential to provide significant performance gains. The set of dominant interferers to an UE is usually smaller. Therefore, limited coordination among cells has the potential to mitigate interference more effectively. This scenario should therefore form an integral component of the work in this study item.
In agreement with the revised study item description [1], we believe that RAN1 should discuss and prioritize CoMP deployment scenarios. During this SI phase, we should first clarify the real performance benefits of variable CoMP schemes under more varied deployment scenarios.
2 CoMP Schemes
Homogeneous networks have been the main focus of previous CoMP evaluations, both in the context of inter- and intra-eNodeB coordination.  A number of schemes have been proposed and under idealistic assumptions significant gains have been demonstrated. However, it was also well recognized that CoMP gains are very sensitive to practical limitations such as channel state information (CSI) measurement and feedback inaccuracies. Further, some schemes require high-capacity and low-latency backhaul links. With a realistic modeling of the above limitations, it was observed that CoMP gains are significantly reduced or even vanish. A realistic modeling of the different shortcomings is therefore of key importance and in our view constitutes a core component to this SI.
In contrast to homogeneous deployments, heterogeneous networks have received relatively less attention. Due to the different deployment characteristics, performance gains and tradeoffs may be quite different in such deployments and hence warrant a detailed study. For example, the possibility of strong interference from a small set of cells is higher and therefore limited coordination among a few cells has the potential for larger performance gain. In our view, CoMP operation in heterogeneous setup should be prioritized for scenarios where backhaul links with sufficient capacity and latency capability are available to achieve realistic inter-cell information exchange, e.g. between macro and pico-cell, or with RRHs.
2.1 Coordinated beamforming / scheduling in the downlink
The primary aim of CoMP is at improving cell-edge performance by adding simple and causal functions. Coordinated beamforming / scheduling (CB-CS) is an attractive CoMP technique with low backhaul requirement, since no data exchange with non-serving cells is required. Considering the trade-off between performance enhancement and complexity, this forms a very good candidate for Rel-11. High priority should be given to CB-CS for the downlink case in the Rel-11 time frame. 
In scenarios where backhaul quality does not allow joint transmission due to too low throughput or too high latency, CB-CS can be helpful in overcoming the backhaul constraints while still improving on the cell-edge performance. Since data is transmitted to a UE from a single cell, the network is saved from the overhead due to forwarding of the data across cells. However, additional inter-eNB signaling must be defined in order for coordinating base stations to share scheduling and precoding information. This information can be used to dynamically mitigate the inter-cell interference in the spatial domain, in both downlink and uplink. Precoders for UEs scheduled on the same resources are chosen in order to avoid too high inter-cell interference. Enhanced feedback may be needed in the downlink while an extended codebook may be required in the uplink.

In addition to the traditional metrics of user throughput, cell throughput and cell-edge user throughput, it might be useful to also assess the improvement brought by CoMP on the uniform nature of the user throughput across the network.

2.2 CB-CS in the uplink

An important feature with the CB-CS approach is that it also forms a good candidate in the uplink for coordinated reception. Deployment scenarios such as HetNets can, in particular, benefit from the CB-CS and need to be evaluated further. However, system performance evaluation of the uplink CoMP should be done considering the performance degradation factors associated with multiple cell reception.

3 Practical considerations

3.1 Reference Signals 

The CSI-RS in Rel-10 are designed to support CoMP, and hence should form the baseline for CoMP CSI measurement. The inter-cell orthogonality on CSI-RS and PDSCH muting allow the UE to make measurements on the CoMP measurement set cells. While Rel-10 CSI-RS could be sufficient for CoMP measurements for most deployment scenarios, in our view RAN1 should also explore possible RS designs for CoMP operation.
3.2 UE feedback 

CSI feedback accuracy is an important factor to guarantee effective CoMP performance. It should be possible for each UE to report CSI for multiple eNBs, allowing efficient switching between SU-MIMO / MU-MIMO and CoMP, etc. The codebooks in earlier releases may hence need a closer re-look. While implicit feedback is considered a good approach in system design, the possibility of explicit feedback approaches should also be considered in this SI phase.
CB-CS may require the report of additional measurements from the interfering cells on both directional information and SINR measurements.

3.3 Latency

The delay between the CSI measurement and their application should be minimized and techniques that guarantee faster application of these measurements need to be adopted. 
3.4 Calibration
Evaluation assumptions concerning accurate reciprocity modeling need to be discussed in order to evaluate the impact of imperfect channel reciprocity and antenna calibration errors.

4 Conclusions
In this contribution, we have provided a high-level view of CoMP schemes and standardization aspects for consideration in the Rel-11 Study Item phase. In summary, we make the following recommendations:
· Priority should be given to CB-CS schemes
· HetNet (macro+pico) is a high priority CoMP deployment scenario. Homogeneous macro-cells and RRHs may also be considered.

· It is important to compare competing techniques against a common set of assumptions in order to arrive at meaningful comparisons.
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