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1 Introduction
In RAN1#84bis, interference estimation schemes for MU transmission have been discussed and the following conclusions were reached concerning the candidates for CQI enhancement [1]:
Conclusions:
Candidates for CQI Enhancement:

· CQI Derivation 

· Interference estimation based on NZP CSI-RS

· MU-CQI conditioned on MU hypotheses and CSI-IM

· Reduced CQI feedback delay

· Note: other schemes are not precluded

In this contribution, some potential improvement of interference estimation is discussed for the support of FD-MIMO MU transmission.
2 Discussion
2.1 Interference measurement for MU pairing
In the Rel-13 FD-MIMO, the directivity and flexibility of the beams has been improved as the number of available antenna elements increases. It is considered, however, that some improvements are still needed for the CSI feedback mechanism.

In the downlink MU spatial multiplexing, it is preferable that the data channel resources have sufficient spatial orthogonality between the UEs in order to ensure good separation in the data transmission. For example, assuming that the feedback mechanism is class B CSI reporting of Rel-13 FD-MIMO, multiple CSI resources can be configured for each UE, as shown in Fig. 1. When two UEs are located in proximity with each other and multiple beams are configured for each UE with the use of multiple CSI resources, there can be some potential degradation of orthogonality between the channels in the data transmission. Thus, it is essential that the MU paring should be implemented with an improved feedback mechanism. 
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Figure 1 MU spatial multiplexing in FD-MIMO.

In the RAN1#84bis meeting, it was concluded that MU-CQI is one of the candidates for the CQI enhancement. With MU-CQI, it is possible that the CRI (CSI-RS resource indicator) and the associated CQI are exploited at the eNodeB for the improvement of the UE throughput. The implementation of MU-CQI can be considered as a straightforward extension of the existing CQI mechanism.
Since MU-CQI is a CQI value in MU and it should be calculated by the UE taking into account the interference from the potential UEs to be paired, it is necessary that the UE should first identify the potential UE pairs for MU-CQI. To find the potential UE pair, the UE measures the CSI-RS and feedbacks the measurement results to the eNodeB. Once the potential pairs are determined at the eNodeB based on the preliminary CSI-RS measurement, the potential paring information is transferred to the UE, which is necessary in the UE for the measurement assumption of MU-CQI. 
The UE then try to find the MU-CQI with CSI-RS based on the pairing assumptions. 
With the above possible implementation in mind, it should be considered that there are two CSI-RS measurements to be performed before the UE feedbacks the MU-CQI. 

Table 1 shows the possible purposes of CSI-RS measurements.  
Table 1 Measurement purpose for MU-CQI
	Purpose of measurement
	Note

	Potential MU pairing
	Measure interference content of CSI-RS to determine potential MU paring.


	MU-CQI
	Measure interference content of CSI-RS to determine MU-CQI based on the MU assumptions



Observation 1: CSI-RS measurements needs to be performed for potential MU paring and MU-CQI calculation. 
The need of measurement for the potential UE pairs can result in a considerable latency. 
 To reduce the possible large latency associated with the MU-CQI, it should be possible that the UE chooses several potential MU pairs based on the interference measurement to calculate MU-CQI.  This will eliminate the need of the UE report for the MU paring and reduce the lead time for the MU-CQI transmission.
Table 2 Potential UE pairing schemes
	Type
	Note
	Lead time for MU-CQI

	eNodeB
	eNodeB determines the potential MU pairs based on the information provided by the UE.
	Long

	UE
	UE chooses the potential MU pairs with multiple CSI-RS measurements.
	Short


Proposal 1: UE should determine the multiple potential MU pairs for the calculation of MU-CQI.
2.2 UE information for MU pairing
In the UE information for the potential MU pairing, the UE should feedback not only one potential MU pairing but also multiple potential MU pairing. 
In the measurement of the interference content at the UE, if the detected signal level of a certain beam is low, the beam is not preferable for the UE, but if the interference level is also low, it may mean that the beam can be the resources that should be recommended for other UEs because it will not cause serious interference to the UE. Therefore, it should be beneficial that the UE transmit the information that indicates the beams with small interferences. 
With this additional feedback information, while the eNodeB can determine the best beam for the UE, it can also choose the UEs cause less interference, which should be chosen as the paired UE. 
Proposal 2: The UE should report multiple MU-CQI for multiple MU pairing.
3. 
Conclusions
In this contribution, the following observation and proposals are made:
Observation 1: CSI-RS measurements needs to be performed for potential MU paring and MU-CQI calculation. 

Proposal 1:  UE should determine the multiple potential MU pairs for the calculation of MU-CQI.
Proposal 2: The UE should report multiple MU-CQI for multiple MU pairing.
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