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1 Introduction

In TR 36.741[1], the following enhancements for CS/CB are listed: 

Potential enhancements for coordinated scheduling/beamforming (CS/CB) can be categorized as follows:
-
CSI feedback enhancement

-
e.g. CSI feedback reflect different interference beamforming hypothesis from coordinated TPs .

-
e.g. CSI feedback considering power adjustment

-
e.g. only CSIs regarding TPs with strong interference are reported

-
Interference measurement enhancements

-
e.g. NZP CSI-RS used for measuring interference from coordinated TP.

-
e.g. aperiodic CSI-IM

-
e.g. measurement restriction in the frequency domain 

-
Enhancement to coordination information between eNBs/TPs 

-
e.g. PMI/CRI signalling between eNBs 

-
Enhancement to reference signals

-
e.g. support of orthogonal DM-RS ports for multi-point MU-MIMO

-
e.g. SRS configuration signalling between eNBs 

-
e.g. Multiplexing of CSI-RS resources with IC

-
e.g. Resource pool sharing for channel and interference measurement

-
QCL enhancement

-
e.g. non co-located CSI-RS resources in Class B FD-MIMO

-
Enhancement to SRS:

-
e.g. enable eNB to measure the SRS from interfering UE(s).

In this contribution, we discuss the details of some of the listed CS/CB enhancements and then give our text proposal to TR.36.741.
2 Interference measurement enhancements
2.1 NZP CSI-RS used for interference measurement
With regard to interference beamforming hypothesis, NZP CSI-RS resource can be used to measure interference under different interference beamforming hypotheses.  Since channel matrix is obtained, NZP CSI-RS also provides multiple choices on precoding matrices. This scheme configures less CSI processes compared to the current LTE specification, so as to reduce the overhead and time delay. When NZP CSI-RS chooses precoding matrices for interference measurement, the precoding matrix of the interference can be chosen to obtain the weakest or the strongest interference. In this case, NZP CSI-RS should be configurable for interference measurement, and also the precoding matrices possibilities should be configurable or pre-defined. 
2.2 NZP CSI-RS resource sharing for channel and interference measurement
NZP CSI-RS resource can be used either for channel measurement or for interference measurement. Therefore, the measurement over the NZP CSI-RS resource can be shared by multiple CSI reports. In this case, one-time configuration of measurement resources would generate more than one CSI reports. For example, measurement over one NZP CSI-RS resource for one TP will obtain a channel matrix. The most matched precoding matrix which generates highest throughput will be chosen as the preferred precoding matrix. The channel matrix as well as the precoding matrix can be treated as the channel measurement in one CSI report. While, they can also be treated as the interference measurement in another CSI report. The advantage of using NZP CSI-RS resource is that the measurement over the NZP CSI-RS resource is only one-time measurement but the measurement result (the channel matrix and the precoding matrix) can be reused in multiple CSI reports. However, whether the resource is for channel measurement or for interference measurement should be configurable or pre-defined.
2.3 Measurement restriction in frequency domain

If interference is measured in each subband, PMI would be chosen for each subband based on the interference measurement in the subband. Compared to the interference measurement in the current LTE specification where the interference is an average value in the whole bandwidth, subband-based interference measurement would lead to more appropriate PMI in each subband. In this way, specification needs be enhanced to support interference measurement in a configured bandwidth. 
3 CSI feedback enhancements
3.1 Power adjustment for CSI feedback
In CS/CB transmission scheme, in order to decrease the interference to cell-edge UEs and enhance the system performance, the coordinated TPs may consider avoiding the interference beam or reducing the interference beams’ transmission powers. For the latter case, different transmission powers will be used for different precoding matrices. In the current CSI measurement and feedback, TPs only configure one power ratio message for all of the available codebooks. Under such circumstance, UE will report a preferred PMI based on a same power ratio allocated to the codebooks. While in the transmission procedure, the TP would allocate an adjusted power ratio when using the preferred PMI, which will probably cause the selected beam no longer being best anymore. In order to obtain the accurate CSI information under different transmission powers for different precoding matrices, TPs need to configure different power information for different precoding matrices. For example, different ratios of PDSCH EPRE to CSI-RS EPRE for different precoding matrices can be a solution.
3.2 UE-assisted CSI report
In CS/CB with a large measurement set, feedback overhead would become severe. CSI reports with only strong interferences may help to achieve low feedback overhead. One possible approach to have low CSI feedback overhead in CS/CB is that UE assists to decide which CSI is to be reported. When a CSI is to be reported, the indication of the CSI should be informed to the serving TP. For example, when one CSI from a coordinated TP meets the requirement of the threshold in UE, the CSI will be chosen to be reported, as well as the indication of the reported CSI. The threshold may be the difference between serving TP’s CQI and the coordinated TP’s CQI. Or, the threshold may be the difference between the serving TP’s CQI without the interference from coordinated TPs and the serving TP’s CQI with the interference from coordinated TPs.
4 Conclusions
In this contribution we discuss the details of CS/CB enhancements with FD-MIMO. Based on the analysis, the corresponding text proposal is given in the appendix.
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6.2
Potential enhancements for coordinated scheduling/beamforming with FD-MIMO
Potential enhancements for coordinated scheduling/beamforming (CS/CB) can be categorized as follows:
-
CSI feedback enhancement

-
e.g. CSI feedback reflect different interference beamforming hypothesis from coordinated TPs .

-
e.g. CSI feedback considering power adjustment

-
e.g. only CSIs regarding TPs with strong interference are reported

-
Interference measurement enhancements

-
e.g. NZP CSI-RS used for measuring interference from coordinated TP.

-
e.g. aperiodic CSI-IM

-
e.g. measurement restriction in the frequency domain 

-
Enhancement to coordination information between eNBs/TPs 

-
e.g. PMI/CRI signalling between eNBs 

-
Enhancement to reference signals

-
e.g. support of orthogonal DM-RS ports for multi-point MU-MIMO

-
e.g. SRS configuration signalling between eNBs 

-
e.g. Multiplexing of CSI-RS resources with IC

-
e.g. Resource pool sharing for channel and interference measurement

-
QCL enhancement

-
e.g. non co-located CSI-RS resources in Class B FD-MIMO

-
Enhancement to SRS:

-
e.g. enable eNB to measure the SRS from interfering UE(s).
6.2.1 Enhancements related to CSI feedback

-
Schemes 1: CSI feedback reflect different interference beamforming hypothesis from coordinated TPs .
With regard to interference beamforming hypothesis, NZP CSI-RS resource can be used to measure interference under different interference beamforming hypotheses.  Since channel matrix is obtained, NZP CSI-RS also provides multiple choices on precoding matrices. With a determined channel matrix from coordinated TP, the choices of the precoding matrix can reflect different interference beamforming hypotheses.  

-
Schemes 2: CSI feedback considering power adjustment
In order to decrease the interference to cell-edge UEs and enhance the system performance, the coordinated TPs may consider avoiding the interference beam or reducing the interference beams’ transmission powers. To obtain the accurate CSI information under different transmission powers for different precoding matrices, more than one power ratio can be configured to different precoding matrices in CSI measurement.

-
Schemes 3:  only CSIs regarding TPs with strong interference are reported

CSI reports with only strong interferences may help to achieve low feedback overhead. UE can assist to decide which CSI is to be reported. A threshold can be used to determine which CSI is regarding to the TP with strong interference. The CSIs regarding TPs with strong interference can be reported. When a CSI is reported, the indication of the CSI should be informed to the serving TP. 
6.2.2 Interference measurement enhancements

-
Schemes 1: NZP CSI-RS used for measuring interference from coordinated TP.
When NZP CSI-RS is used to measure interference, the NZP CSI-RS may decide different precoding matrices which will reflect different interference beamforming hypotheses. 
-
Schemes 2: measurement restriction in the frequency domain 

If interference is measured in each subband, PMI would be chosen for each subband based on the interference measurement in the subband. Subband-based interference measurement would lead to more appropriate PMI in each subband. In this way, the bandwidth for interference measurement can be configurable. 
6.2.3 Enhancements to reference signals

-
Scheme 1: support of orthogonal DM-RS ports for multi-point MU-MIMO

-
Scheme 2: SRS configuration signalling between eNBs 

-
Scheme 3: Resource sharing for channel and interference measurement
One resource can be used for channel measurement in one CSI report. The resource can also be used for interference measurement in another CSI report. Therefore, one CSI resource can be related to more than one CSI report. 
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