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1 Introduction

In RAN#71 meeting, study on Further Enhancements to Coordinated Multi-point Operation (FeCoMP) [1] was approved. The study item aims at identifying and evaluating the performance benefits of the following enhancements related to coordinated multi-point schemes:

· Support of non-coherent joint transmission (JT) (e.g. support of MIMO layers transmission by the different transmission points in the single-user MIMO)
· Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points
In this contribution, we present our overview of this study item.
2 CoMP in Rel-11 & 12
CoMP was introduced in LTE-Advanced Rel-11 as a tool to improve the coverage of high data rates, the cell-edge throughput, and also to increase system throughput [2]. In Rel-11 DL CoMP, several CoMP schemes such as coherent JT and CS/CB were introduced and evaluated. The goal with JT is to change the inter-cell interference into desired signal, thus (coherently or non-coherently) improving the received signal quality and/or data throughput. CS/CB is target for reducing/avoiding the interference through coordinating the user scheduling/beamforming decisions. In Rel-12, CoMP for non-ideal backhaul link case was addressed. It was observed that CoMP-NIB gain varies with deployment scenario, backhaul delay, coordination scheme, resource utilization factor, and coordination size. [3]. 

The coherent JT essentially combines all transmit antennas of the coordinating TPs into a single distributed array, with which in principle the MIMO gains can be well obtained. However, it implies very stringent requirements on synchronization and mutual phase coherency of the coordinating TPs, which may be difficult in practice especially for TPs with non-ideal backhaul links. In addition, the joint precoding requires the signals from different TPs experience similar large-scale property, which limits the applicable scenarios. For the non-coherent JT, each TP performs the precoding based on the local MIMO channel information and transmit the same or different stream individually. It does not require RF phase coherency and high time-domain synchronization among the TPs, making it easier to be implemented. Furthermore, with the introduction of 2D planar array in Rel-13 FD-MIMO, the beamforming can be performed on both vertical and horizontal direction so that the control of the transmit beam in three dimension space is possible. Thus, further enhancements related to non-coherent JT and CS/CB with more flexible beamforming support deserve considerations in FeCoMP.
3 Considerations for non-coherent JT
The non-coherent JT may be divided into two categories according to whether the data transmitted from different TPs is the same or not. The case with the same data transmission can be considered as a diversity combining technique to improve the received signal quality, while the case with different data transmission, i.e., the multi-point multi-stream transmission, is aimed at exploiting the MIMO gains from spatial multiplexing. It allows the spatial multiplexing MIMO streams to be realized by summing up the streams individually transmitted from different TPs. As a result, UEs are more likely to be served by high-layer spatial multiplexing and hence get higher throughput. To fully utilize the performance benefits from the multi-point multi-stream transmission, the following potential issues need to be concerned:
3.1 Multiple Quasi-Co-Locations (QCLs)
For conventional CoMP schemes, UE receives all the transmitted signals by assuming all the antenna ports used for transmission are QCL. However, for the multi-point multi-stream transmission, streams are independently transmitted from different TPs. In that case, signals from different TPs may experience different large-scale properties, especially for geographically separated TPs. And the antenna ports from one TP are no longer QCL with those from another TP. If the single QCL assumption is still used at the UE side, it will lead to inaccurate channel estimation and measurement, and further influence the performance. Therefore, in order to fully obtain the performance gains from the multi-point multi-stream transmission, the issue of multiple QCLs should be considered, letting the UE to be able to distinguish between the antenna ports from the coordinating TPs.
Proposal 1: Multiple QCLs associated with the multi-point multi-stream transmission should be considered in FeCoMP.
3.2 CSI measurement and feedback with coordination hypothesis
In previous CoMP operation, the UE measures and reports CSI without coordination hypothesis. It is not fully applicable to the multi-point multi-stream transmission since the mutual interference caused by the streams with certain precodings from different TPs cannot be reflected by the CQI information. So how to improve the accuracy of CQI should be considered. For example, the UE calculates the CQI by assuming its measured PMIs are used by the corresponding TPs. In this case, the calculated CQI would be more close to the real transmission and helpful for link adaptation and scheduling. To realize it, UE needs to be aware of the potential coordinating TPs and their possible PMIs that may be used in the coordination. 
Another aspect worth investigating is to configure the CSI measurement resources based on the multi-point multi-steam coordination hypothesis. Since the CSI measurement of one TP is associated with that of another TP, we can configure multiple CSI-RS resources for the coordinating TPs in the same CSI process. By such case, the UE can measure all the participated TPs jointly and feedback their results together, greatly reducing the feedback delay and signalling overhead.
Proposal 2: CSI measurement and feedback with multi-point multi-steam coordination hypothesis should be considered in FeCoMP.

3.3 Considerations for Non-ideal backhaul links
The scenario of multiple TPs with non-ideal backhaul links is another important scenario that needs to be addressed in FeCoMP. For non-ideal backhaul links, the backhaul delay is the most critical factor that influences the achievable performance gain. For Rel-12 DL CoMP, the long-term information is exchanged via X2 interface among potential coordinating TPs. For the delay-sensitive information such as CSI, X2 interface is not an efficient way. In terms of the multi-point multi-stream transmission, information such as channel state information (CSI), data, and scheduling result need to be available at different TPs, which are very useful for obtaining high performance gains. Such a requirement poses a great challenge to non-ideal backhaul link case. New methods that can reduce or even eliminate the impact of the CSI and scheduling result acquisition delay on the achievable performance should be exploited. For example, the UE reports the CSI of each TP to all the TPs in the coordination set simultaneously through physical air interface.
Proposal 3: Efforts for reducing the impact of backhaul delay on the achievable performance should be discussed in FeCoMP.
4 Considerations for CS/CB with FD-MIMO
As the advancements on beamforming techniques and UE receiving capabilities supported in Rel-13 FD-MIMO, the spatial multiplexing capability can be fully exploit through transmitting and receiving flexible multi-beams. However, with more and more beams in all directions exist in the spatial domain, the interference would become more severe, especially in dense deployment scenarios, which motivates further investigations on enhancements to CS/CB in FeCoMP. 
Two kinds of interference need to be considered: one is caused by desired beams within a transmission set; the other is caused by beams outside the transmission set. Both kinds of interference could be reduced by coordinated scheduling and beam coordination. The coordinated scheduling aims at increasing the UE’s SINR by coordination of resources allocated to the UEs from different TPs. And, the beam coordination tries to avoid pointing the interfering beam toward the direction that has high correlation. 
Typically, how many benefits could be achieved from CS/CB highly depends on how many CSIs of TPs could be obtained. But it comes with higher overhead of the RS resources configured for the CSI measurement. It would be more severe in dense deployment scenarios where more TPs need to be measured and further coordinated together. So there is a trade-off between the performance benefits from CS/CB and the overheads of RS resources induced by CSI measurement, which needs to be studied in FeCoMP.
Proposal 4: CSI measurement and feedback enhancements to assist interference coordination should be studied in FeCoMP.
5 Conclusions
In this contribution, we present the overview on this study item. The following are our proposals:

Proposal 1: Multiple QCLs associated with the multi-point multi-stream transmission should be considered in FeCoMP.
Proposal 2: CSI measurement and feedback with multi-point multi-steam coordination hypothesis should be considered in FeCoMP.

Proposal 3: Efforts for reducing the impact of backhaul delay on the achievable performance should be discussed in FeCoMP.
Proposal 4: CSI measurement and feedback enhancements to assist interference coordination should be studied in FeCoMP.
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