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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In 3GPP RAN #71 meeting, the work item on eFD-MIMO [1] has been approved. One of the objectives is to  
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN1 #86 meeting, various advanced CSI schemes were summarized. In this contribution, an enhancement on the interference measurement/reporting scheme for MU transmission is proposed. Specifically, it is proposed that the co-scheduling hypothesis for MU transmission is adaptively determined by the eNB and UEs based on the eNB’s coordination and UEs’ interference measurement, and MU-interference is measured and reported by UEs. 
2. Enhancement on Interference Measurement and Reporting
2.1 Discussion on Interference Measurement and Reporting for MU Transmission
One of the advantages of FD-MIMO systems is the capability of co-scheduling multi-user transmission for a large number of UEs. However, multi-user MIMO transmission has more stringent requirement on the CSI estimation accuracy than its single-user counterpart, while the accurate CSI measurement should take into consideration the mutual interference from the multiple co-scheduled UEs. To measure the interference accurately, the UE co-scheduling information is needed, which, however, cannot be obtained during the CSI estimation stage. Consequently, the co-scheduling hypothesis is difficult to be determined for the interference measurement. If the co-scheduling hypothesis is made solely based on eNB’s perceived interference conditions, it is possible that the eNB may pair together UEs with large interference, as the eNB does not know the mutual interference yet without the interference measurement. In this case, the interference measurement made at the UEs is not fully exploited to assist the co-scheduling decision. On the contrary, if the measurement hypothesis is determined by UEs locally, some other problems exist: On one hand, if the UE reports for a given co-scheduling, it is possible that the co-scheduling assumptions of different UEs are contradictory with each other. On the other hand, if the UEs can measure the interferences from all the potential interferers, such as using CSI-RS, and feed back CQI for all potential co-scheduling cases, the overhead will be intractably large. 
Observation 1:  If the co-scheduling hypothesis is decided only by eNB without interference measurement, it is possible that UEs with large interference are paired together.
Observation 2:  If the co-scheduling hypothesis is decided only by UEs locally: 
· If the UE only reports interference for a specific co-scheduling hypothesis, then the co-scheduling assumptions utilized by different UEs are possibly contradictory with each other. 
· If the UE reports interference for all possible co-scheduling hypotheses, the feedback overhead will be large. 
2.2 Enhanced Interference Measurement and Reporting
Based on the above discussion, during the interference measurement for multi-user transmission with FD-MIMO, it is a great challenge to determine a proper co-scheduling hypothesis. A feasible solution is to determine it in a coarse-to-fine manner. At first, the eNB can determine a coarse co-scheduling hypothesis which will be commonly adopted in the interference measurement by different UEs, while after UEs reporting the interference measurement results, the co-scheduling hypothesis can be further refined based on UEs’ feedback.
To implement the above joint co-scheduling determination, hybrid CSI-RS structure turns out to be a good candidate. In hybrid CSI-RS, two eMIMO types are used to obtain the CSI. Two CSI-RS for the two eMIMO types respectively, can be sent to obtain CSI in a coarse-to-fine manner, and the beamforming of the CSI-RS for the second eMIMO type can be decided based on the CSI obtained from the first eMIMO type. The CSI reporting for the two eMIMO types can be with different periodicities. The previously-proposed joint decision of co-scheduling can be well fit to such hybrid CSI-RS mechanism. The following is a feasible procedure to employ hybrid CSI-RS to perform interference measurement. 
In the first eMIMO type, coarse CSI-RS is first sent from the eNB to UEs. After receiving this CSI-RS, UEs will perform channel estimation, and coarse CSI, such as using PMI (or just part of it, depending on the specification or implementation) can be fed back to the eNB. Upon receiving the PMI, eNB can decide the beams used for the second eMIMO type, i.e. finer BF CSI-RS. Moreover, an initial co-scheduling can be done according to the PMI feedback of UEs. The eNB can inform the co-scheduling information to all the served UEs explicitly or implicitly, and send the finer BF CSI-RS. Each UE can measure the CSI and compute the interference level from within the co-scheduled UEs. The UE can feedback the interference level to eNB, where this could be implemented with MU-CQI. Moreover, the UE can further provide some modification recommendation on the existing co-scheduling hypothesis for eNB to refine it.
Proposal 1: The eNB can determine the co-scheduling hypothesis in a coarse-to-fine way based on UEs’ CSI and interference measurement/reporting. 
Proposal 2: The interference measurement and reporting can be based on the hybrid CSI-RS mechanism. During the second eMIMO type CSI reporting, the feedback information from UEs can indicate the interference level, such as using MU-CQI, and also include recommendation on refining the co-scheduling hypothesis.
At the interference measurement stage, the PMI that will be used for different UEs in the later data transmission stage is uncertain, therefore, the BF CSI-RS serving different UEs with the same beam will cause the same interference to other UEs. As such, the interference reporting of each UE can be in the unit of beams rather than UEs. Correspondingly, the resource configuration of CSI-RS and CSI-IM can be also beam-specific. Similarly, the recommendation in the second CSI feedback can be also beam-specific, such as, reporting which beam the UE prefers to exclude from the initial co-scheduling, and/or to include into the initial co-scheduling.
Proposal 3: The CSI-RS and CSI-IM resource configuration and interference measurement/reporting can be beam-specific. The recommendation the UE reports may include which beam the UE prefers to exclude from the initial co-scheduling, and/or to include into the initial co-scheduling.
The UE can decide whether to report recommendation based on a pre-defined threshold. Depending on specific implementations, the threshold can be either an absolute performance requirement for CQI, to represent the system QoS requirement, or just a difference between single-user CQI and multi-user CQI, to measure the performance loss of choosing multi-user transmission instead of the single-user transmission. This threshold value does not change frequently, and can be informed just in a semi-static manner.  If the CQI of the initial co-scheduling can satisfy the preset threshold, the UE only needs to provide the legacy feedback. Otherwise, the UE needs to provide recommendation for the co-scheduling.
Proposal 4: The UE recommendation decision can be based on a pre-defined threshold, and the threshold signaling can be semi-static. 
The recommendation of UEs can be with a different periodicity from either the first or second eMIMO type CSI feedback. Depending on different scenarios, the recommendation can also be aperiodic, or semi-persistent, such as to reduce feedback overhead. For periodic refinement case, the periodicity can be designed, while for the aperiodic or semi-persistent cases, new signaling can be defined to inform the UE about whether it needs to perform recommendation. 
Proposal 5: The UE recommendation can be either periodic, aperiodic or semi-persistent: 
· For the periodic case, the periodicity of the recommendation can be specially designed, and it can be different from either the first or second eMIMO type CSI feedback. 
· For the aperiodic or semi-persistent case, signaling can be introduced to inform the UE about whether it needs to perform recommendation.
After receiving UEs’ recommendations, the eNB can choose to either refine the initial co-scheduling accordingly or not. 
On one hand, the eNB can refine the co-scheduling according to the UE recommendation, and use the new co-scheduling for data transmission. Moreover, UE recommendations from one or multiple previous second eMIMO type feedbacks can be also taken into consideration during the eNB refinement. In this case, if the UE provides recommendation, the UE needs to feedback the new MU-CQI with the recommended co-scheduling, and then the overall feedback content of the second eMIMO type includes: 
· CSI feedback for the initial co-scheduling, including CRI (if applicable), PMI, RI, MU-CQI; 
· CSI feedback for the recommendation if the UE decides to recommend, including indices of the beams recommended to remove or add, and the new MU-CQI, PMI and RI with the recommended co-scheduling. 
On the other hand, the eNB can keep the initial co-scheduling and directly use it for data transmission. Then the UE recommendation can assist the eNB to determine co-scheduling for the following periods. In this case, if the UE provides recommendation, the UE does not need to feedback the new MU-CQI with the recommended co-scheduling, and then the overall feedback content of the second eMIMO type includes: 
· CSI feedback for the initial co-scheduling, including CRI (if applicable), PMI, RI, MU-CQI; 
· CSI feedback for the recommendation if the UE decides to recommend, including indices of the beams recommended to remove or add, and the new PMI and RI with the recommended co-scheduling. 
Proposal 6: When the UE decides to provide recommendation, the feedback content can be different for whether the eNB refines co-scheduling in the current period of second eMIMO type or not. If so, the UE needs to feedback the new MU-CQI with the recommended co-scheduling; vice versa.
To reduce the overhead, the CQIs fed back can be served by the CQI difference, which represents the difference of the CQI with recommended co-scheduling to the CQI with initial co-scheduling. Moreover, the CRI, PMI, and RI for the recommended co-scheduling can be kept the same, so that the extra feedback is omitted. On the whole, the added PHY signaling overhead is very low, which at most includes 1 full MU-CSI, indices of beams recommended to remove/add, and 1 CQI difference, while the high layer signaling is negligible. 
Proposal 7: To reduce feedback overhead, for the CSI feedback for the recommendation, the MU-CQI can be replaced by the CQI difference, while the CRI/PMI/RI can be omitted.

2.3 Evaluation Results for the Enhancement
In this part, we will evaluate the performance gain of the proposed enhancement scheme. The 3D channel model based on 3GPP TR 36.873 is used, and the parameters are listed in Table 1 in Appendix.
To demonstrate the advantage of using adaptive co-scheduling with UEs’ recommendation, we use the conventional method in which the eNB make the co-scheduling decision as the baseline method.
We first compare the average throughput of the proposed method against the baseline method based on the first eMIMO type, as shown in Fig. 1. The cases where the maximum MU pair size equaling 1, 2, 3, and 4 are simulated. When MU pair size equals 1, the proposed method performs as the baseline method. The simulation results demonstrate that the proposed method can achieve around 10% throughput gain upon the baseline for MU size > 1.

 
Figure 1: Comparison of average throughput for the proposed method and the baseline method.

Next, we compare the ratios of UEs with high MU interference. The UE with high MU interference refers to the UE for which the difference between SU-CQI and MU-CQI exceeds a predefined threshold (i.e., cannot achieve desired MU-MIMO performance gain). In the proposed method, such UEs will provide recommendation to eNB, based on which eNB can refine the co-scheduling, while in the baseline method, such UEs do not take any action. The simulation results are shown in Fig. 2. The simulation results can demonstrate that the proposed method can reduce the ratio of UEs with high MU interference by around 30%.


 
Figure 2: Comparison of ratios of UEs with high MU interference for the proposed method and the baseline method.
Observation 3: The proposed enhancement on multi-user interference measurement and feedback can provide considerable gain for MU-MIMO transmission.
3. Conclusion
In this contribution, an enhancement to the interference measurement/reporting scheme is proposed for MU transmission. The following observations are obtained:
Observation 1:  If the co-scheduling hypothesis is decided only by eNB without interference measurement, it is possible that UEs with large interference are paired together.
Observation 2:  If the co-scheduling hypothesis is decided only by UEs locally: 
· If the UE only reports interference for a specific co-scheduling hypothesis, then the co-scheduling assumptions utilized by different UEs are possibly contradictory with each other. 
· If the UE reports interference for all possible co-scheduling hypotheses, the feedback overhead will be large. 
The following proposals are made:
Proposal 1: The eNB can determine the co-scheduling hypothesis in a coarse-to-fine way based on UEs’ CSI and interference measurement/reporting. 
Proposal 2: The interference measurement and reporting can be based on the hybrid CSI-RS mechanism. During the second eMIMO type CSI reporting, the feedback information from UEs can indicate the interference level, such as using MU-CQI, and also include recommendation on refining the co-scheduling hypothesis.
Proposal 3: The CSI-RS and CSI-IM resource configuration and interference measurement/reporting can be beam-specific. The recommendation the UE reports may include which beam the UE prefers to exclude from the initial co-scheduling, and/or to include into the initial co-scheduling.
Proposal 4: The UE recommendation decision can be based on a pre-defined threshold, and the threshold signaling can be semi-static. 
Proposal 5: The UE recommendation can be either periodic, aperiodic or semi-persistent: 
· For the periodic case, the periodicity of the recommendation can be specially designed, and it can be different from either the first or second eMIMO type CSI feedback. 
· For the aperiodic or semi-persistent case, signaling can be introduced to inform the UE about whether it needs to perform recommendation.
Proposal 6: When the UE decides to provide recommendation, the feedback content can be different for whether the eNB refines co-scheduling in the current period of second eMIMO type or not. If so, the UE needs to feedback the new MU-CQI with the recommended co-scheduling; vice versa.
Proposal 7: To reduce feedback overhead, for the CSI feedback for the recommendation, the MU-CQI can be replaced by the CQI difference, while the CRI/PMI/RI can be omitted.
For the proposed enhancement scheme, the following observations are obtained:
Observation 3: The proposed enhancement on multi-user interference measurement and feedback can provide considerable gain for MU-MIMO transmission.
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Appendix
Table 1: Evaluation Assumptions
	Parameters
	Values

	 Network structure
	 Hexagon cells with single ring

	 3D channel model
	 3GPP 3D-Uma (cf. TR 36.873)

	 Inter-site distance
	 500 m

	 # sectors per site 
	 3

	 # UEs served in each sector
	 20

	 eNB height 
	 25 m

	 # eNB transmit antenna ports
	 16

	 # UE antenna ports 
	 1

	 Trace length
	 100 ms

	 TTI length
	 1 ms

	 Simulation duration length
	 80 TTIs

	 channel feedback delay
	 6 TTIs

	 SINR threshold
	 6 dB

	 UE speed
	 5 km/h

	 eNB transmit power
	 43 dBm

	 Number of PRBs
	 100 

	 Bandwidth of each RB
	 180 kHz

	 System bandwidth
	 20 MHz

	 Noise power spectral density
	 -174 dBm/Hz

	 UE noise figure
	 6 dB

	 Codebook configuration
	 N1 = 4, N2 = 2, O1 = 4, O2 = 4

	 Traffic model
	 Full buffer




Baseline	
35.454599999999999	39.466500000000003	48.365499999999997	47.263399999999997	Proposal	
35.454599999999999	43.216999999999999	52.261099999999999	52.217100000000002	MU number

System data rate (Mbps)



Ratio of UEs with high MU interference
Baseline	MU = 4	MU = 3	MU = 2	0.44	0.36549999999999999	0.30249999999999999	Proposed	MU = 4	MU = 3	MU = 2	0.29849999999999999	0.21149999999999999	0.20250000000000001	6
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