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1 Introduction
In RAN#71 meeting, study on further enhancements to Coordinated Multi-Point Operation (FeCoMP) [1] was approved. One of the main objectives of the study item is to identify and evaluate the performance benefits of the following enhancements related to coordinated multi-point schemes: 
-
Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points
In this contribution, we discuss potential enhancements and specification impacts for CS/CB with FD-MIMO.

2 Discussion 
CS/CB tries to mitigate inter-cell interference by collecting precoding matrix indicators (PMIs) from coordinated transmission points (TPs) and then utilizing them for TPs’ coordinated scheduling. With the development of FD-MIMO, the number of beams for each TP increases, therefore, the beam coordination between the TPs becomes more important. 

In CS/CB with FD-MIMO, if a narrow beam from the adjacent TP directly points to a cell edge user either at measuring time or at transmitting time, but not at the same time, the measured CSI of the cell edge user will not match the real channel for data transmission, and performance loss would happen. Current CSI measurement method does not solve this problem directly, so enhanced CSI measurement and feedback in CS/CB should be considered.
For example in Figure 1, UE1 and UE2 are two cell edge users and are adjacent to each other. TP1 would use beam1 to serve UE1. TP2 would use beam2 to serve UE2. If UE1 measures the channel without the interference beam2, but receives data with the interference beam2, the measured CSI from UE1 would be inappropriate for the data transmission. Therefore, possible interferences need to be taken into account when measuring the CSI. 
Currently, an UE can be configured with multiple CSI processes and each CSI process consists of CSI-reference signal (CSI-RS) resources for channel measurement and CSI-interference measurement (CSI-IM) resources for interference measurement. For CS/CB, each TP in the coordination cluster needs to be measured to acquire possible interference beams’ CSI. Therefore, each TP may be configured with at least one CSI process. The serving TP under different interference beams would lead to different CSI measurement results. Therefore, the serving TP may be configured with multiple CSI processes to measure the serving TP’s CSIs corresponding to different interference beams. In this case, the total number of CSI processes is large. If every set of measured CSIs is reported as configured, the feedback overhead may be overwhelming. So a new interference measurement and feedback scheme for CS/CB should be considered.
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Figure 1: CSI measurement with interference from the coordinated TP
2.1 CSI measurement and feedback enhancement
1. CSI measurement with different interference situations
When the CSI of serving TP is measured, there are two different cases about the interference beams, namely, whether it is avoided or not. For example in Figure 1, beam2 acts as a strong interference beam to UE1. UE1 would measure one set of TP1’s CSI if beam2 is converted. However, the CSI would change if beam2 is not converted. One possible solution is that, in the measurement procedure, both of the two sets of CSIs can be provided for the service of TP1’s scheduling. TP1 would determine which one to use, since it has access to TP2’s scheduling results. 
As in the possible solution, the interference beams need to be measured, since they will be used in the CQI calculation for the serving TP. NZP CSI-RS would be a choice since channel matrix and precoding matrix of the interference beam can be both obtained by NZP CSI-RS. If UE obtains the channel matrix and the precoding matrix of the serving TP, as well as that of the coordinated TPs, UE may be able to calculate the CSIs of the serving TP under different interference situations from coordinated TPs. 
Proposal 1: CSI measurement and feedback under different interference situations from coordinated TPs should be studied for CS/CB. 
2. Rank restriction in CSI measurement
The current measurement and feedback method for the coordinated TPs are the same as that for the serving TP. In this way, the UE would report the RI, PMI and CQI for the coordinated TPs, and the RI may not always be one. Noted that the lower rank codebook has higher spatial resolution, the interference beam chosen from the lower rank codebook is closer to the real interference beam. So, rank restriction in CSI measurement may be considered, in order to facilitate the coordinated TPs to avoid the interference beam more precisely. 
Because of the nested codebook structure related to the rank, one UE can limit the rank as one, and then measure and feedback the interference PMIs of the coordinated TPs under rank=1. However, the coordinated TP may use PMI of higher rank to transmit data. If the PMI includes the interference beam from the rank=1 codebook, which is reported by the rank restriction measurement, the PMI used in the transmission needs to be avoided. Rank restriction would help to reduce the measurement complexity and the rank is not needed to be reported.

Proposal 2: More accurate CSI measurement and feedback, such as rank restriction should be studied for CS/CB. 

3. CSI measurement with different powers for different PMIs
In CS/CB transmission scheme, in order to decrease the interference to edge UEs and enhance the system performance, the coordinated TPs may consider avoiding the interference beam or reducing the interference beams’ transmission power. For the latter, TPs will use different transmission powers for different PMIs to serve its UEs. For example, as shown in Figure 1, beam2 is the interference beam from TP2 for UE1.  In this case, TP2 may transmit data using beam2 with a lower transmission power or using other beams with a normal transmission power. 
In the current CSI measurement, TPs only configure one power message for all of the available codebooks. Under such circumstances, UE2 will report a best PMI based on the same power allocation to codebooks. While in the transmission procedure, the TP would allocate an adjusted power when using the best PMI, which will cause the selected best beam no longer being best anymore. In order to obtain the accurate CSI information under different transmission powers for different PMIs, the enhancement of CSI measurement configuration should be considered, for example TPs need to configure different power information for different PMIs.
Proposal 3: Different power configurations for different PMIs in CSI measurement should be considered for CS/CB. 
2.2 Overhead Issue
In CS/CB, it is needed to configure CSI measurement information for multiple coordinated TPs, or multiple beams of one coordinated TP. When the serving TP configures CSI measurement information to an UE, it has no knowledge of which coordinated TP would generate strong interference, or which beam of one coordinated TP would be a strong interference beam for the UE. In the current CSI measurement method, if the serving TP configures CSI measurement information to one UE, the UE will report the required CSI measurement results to its serving TP. If every coordinated TP is measured and the CSIs are reported according to the configurations, the amount of feedback is huge. With the number of coordinated TPs increasing, the overhead of feedback would become larger. Efficient feedback would be an important topic in CS/CB, providing a possible solution to reduce the overhead. 
Some of the interference beams are relatively strong for one UE while some are relatively weak. For the weak interference beams, it may not be necessary to report their CSIs. If only the strong interferences are reported, the definition of weak and strong is important. Besides, indicator is required to indicate the sources of UE’s feedback, in order to assist the TPs’ coordinated scheduling. 
Proposal 4: Efficient feedback to reduce the feedback overhead should be studied for CS/CB. 

3 Specification impacts analysis
Through the above discussion, in order to better support CS/CB with FD-MIMO, the specification impacts are analysed as follows.

Firstly, in order to obtain the CSIs under different interference situation, the serving TP will configure multiple NZP CSI-RS resources to one UE. It is required to differentiate the NZP CSI-RS resources for the serving TP and the NZP CSI-RS resources for the coordinated TPs in the CSI calculation. Therefore, in CSI measurement configurations, how the NZP CSI-RS resources are indicated should be considered in the specification, such as: 
1) NZP CSI-RS resources are indicated by CSI process ID

Every TP in the coordination group is configured with one CSI process. Each CSI process consists of NZP CSI-RS resources. The serving TP informs the UE which process ID is for the serving TP and which is for the coordinated TP.
2) NZP CSI-RS resources are indicated by NZP CSI-RS resource ID

The serving TP configures only one CSI process to an UE. The CSI process consists of multiple NZP CSI-RS resources. The serving TP informs the UE which NZP CSI-RS resource ID is used for the serving TP, and which NZP CSI-RS resource ID is used for the coordinated TP. 

3) NZP CSI-RS resources are indicated by CSI-IM ID

CSI-IM resources may carry ZP CSI-RS like the current measurement does. Or CSI-IM may carry NZP CSI-RS since interference channel matrix may be needed in CS/CB. If CSI-IM carries NZP CSI-RS, CSI-IM ID may help to identify serving TP and coordinated TPs.
Secondly, for CSI measurement enhancement of rank restriction and different PMI powers, it is needed to indicate more information to UEs in the CSI configurations, such as whether the rank information is adaptive and whether the power information is different for PMIs. These additional information which is not supported by the existing specification would be configured by RRC signalling or PHY signalling. The detail designs of the configurations should be further studied.
Finally, in CSI feedback procedure, in order to reduce the feedback overhead, the criterion for judgement of weak and strong interference should be studied in the specification. For example, for a UE, the criterion may be the difference between serving TP’s CQI and the coordinated TP’s CQI. Or, the criterion may be the difference between the serving TP’s CQI without the interference for coordinated TP’ interference beam and the serving TP’s CQI with the interference for coordinated TP’ interference beam. In addition, when UE judges whether the CSI need to be reported or not, indications of the CSIs which are reported should be informed to the serving TP. In this way, CSI report information which is different from the existing specification should be considered.
Proposal 5: The specification impacts of CSI measurement configurations and CSI feedback indications should be studied for CS/CB with FD-MIMO.

4 Conclusions 

In this contribution we discuss the potential enhancement for CS/CB. Based on the analysis we have the following proposals:

Proposal 1: CSI measurement and feedback under different interference situations from coordinated TPs should be studied for CS/CB. 
Proposal 2: More accurate CSI measurement and feedback, such as rank restriction should be studied for CS/CB. 

Proposal 3: Different power configurations for different PMIs in CSI measurement should be considered for CS/CB. 
Proposal 4: Efficient feedback to reduce the feedback overhead should be studied for CS/CB. 

Proposal 5: The specification impacts of CSI measurement configurations and CSI feedback indications should be studied for CS/CB with FD-MIMO.
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