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1. Introduction
In RAN1 #86 meeting, we had the following agreements for NR MIMO.
Agreements:
Study aperiodic CSI reporting in conjunction with aperiodic RS transmission:
· Dynamic indication of aperiodic RS and interference measurement resource including
· Aperiodic RS for channel measurement for CSI reporting
· Aperiodic interference measurement resource for interference measurement,  including using non-zero/zero power RS, demodulation RS;
· Resource pool sharing for aperiodic channel and interference measurement resources
· Study the timing requirement among aperiodic RS triggering, CSI reporting triggering, aperiodic RS transmission, and CSI reporting.  
· Timing between CSI triggering and aperiodic RS transmission X
· Timing between aperiodic RS transmission and CSI reporting Y
· Notes: Consider the single triggering for RS transmission and CSI reporting;
· Others are not precluded
· Note: aperiodic triggering doesn’t preclude on-demand (using activate/release mechanism) triggering 

Agreements:
· Support at least one of the following schemes for CSI reporting:
· Scheme 1: periodic CSI reporting analogous to LTE
· Scheme 2: semi-persistent CSI reporting (e.g. activate/release mechanism analogous to LTE SPS)
· Scheme 3: aperiodic CSI reporting 
· FFS: Possible signaling support   
· Strive to design NR periodic, semi-persistent, and/or aperiodic CSI reporting, considering at least following aspects
· UL coverage
· Required RS
· Reporting information type
· Forward compatibility
· Energy efficiency
· RS and CSI reporting overhead
· Study whether to avoid specifying dependency between CSI reports in different reporting instances 
· Such dependencies, if any, can be different for periodic, semi-persistent, and/or aperiodic CSI reporting

In this contribution, we further discuss CSI acquisition and report related aspects. 
2. Discussion
As discussed in our companion contribution [1], after initial access UE have gained some initial information about system antenna configuration and the appropriate beam to be used for Tx and Rx; eNB also has some knowledge about UE capability and the relative geometrical direction of UE. 
We also propose that CSI measurement and CSI report should be structured in the same framework for beam management and other MIMO related procedures. Thus the design here should consider all possible cases of MIMO transmission. 
LTE R13 FD-MIMO already provides a hybrid beamforming framework with three levels of beam: without beam, cell specific beam and UE specific beam. Generally, we propose to use the framework for NR CSI measurement and report with some refinement. In the following, we discuss DL MIMO transmission schemes from the perspective of where one UE’s data is transmitted from. The applicability of R13 hybrid CSI framework is also analyzed for each kind.
· One UE’s data is transmitted from one sub-array: This is possibly one case due to the fact that analog beam could be formed once per time unit. If the bandwidth is wide enough for multiple UE multiplexing, then each UE’s signal is transmitted from different sub-array each with its own beam. The beam used here is pure analog beam. Even on the same frequency/time resource, this kind of transmission is possible through spatial multiplexing of different analog beams. 
· Beams of this kind is pure analog beam, with combination of two polarizations; UE needs to report which analog beam is better and which combination coefficient between two polarization should be used. Rel 13 Class B K>1 could be used for this scenario. The main difference is that Rx beam may also need to be tracked, this may probably consume large amount of overhead. Reference signal for beam tracking may be defined to be much sparser than those for channel state measurement. Some special techniques like compressive sensing in our companion contribution[2] could be leveraged to reduce the RS overhead.  
· One UE’s data is from one panel: Panel could be divided further into sub-array. RF channel of all antenna elements on a panel is well calibrated, thus under most circumstances, panel would be the typical basic entity of beamforming. For the finest beamwidth with largest possible power, only one UE could be scheduled per time unit, except that all the sub-arrays are using the same analog beam. But it is still possible that multiple UEs could be connected with different combinations of analog beam of each sub-array.      
· With combination of analog beams for option 2 and option 3, the beam is hybrid beam; UE needs to report which beam is better and how the beam should be combined. Analog beam of different sub-array could be viewed as from different ports. It is also possible that each port is virtualized from multiple analog beams. FD-MIMO Class B K>1 and K=1 could be used for this kind. Codebook for combination of beams should be defined. Another issue is also related to the overhead. Similar techniques like beam tracking RS density reduction and compressive sensing could be leveraged to reduce overhead. 
· One UE’s data is from multiple panels of one TRP: Panels may not be calibrated between each other, but there is still QCL assumption. Typically, system could only rely on baseband measurement and feedback from UE to transmit the same data with multiple panels. 
· The beam pattern constructed may not be pointy but with random shape since panels are not calibrated; UE should also report which beam is better on each panel, and the beam combination codebook should also be reported. Similar as above, beam combination codebook should be optimized for this case. FD-MIMO Class B K>1 and K=1 could be used for this kind. Class B K>1 may be used by the UE to find out the best beam and Class B K=1 is used by the UE to report finer beams and combination of different beams.
· One UE’s data is from multiple panels of multiple TRPs: There is no QCL assumption between different TRPs. Joint transmission from different TRPs would increase SNR and reduce interference. Typically, multiple panels could transmit the same data with different precoder or different layers of data. It should be noted that analog beamforming may reduce the number of simutaneouly scheduled UE. If multiple TRPs are used to transmit data to the same UE, then number of UEs that could be scheduled simultaneously would be largely reduced. 
· There may not be any combined beam if different layers of data are transmitted on different TRPs. This may be the typical case for data transmission from multiple TRPs since for this case, when UE calculates PMI for each TRP, there is still QCL assumption. UE does not have to report how the beam from the two TRPs are combined, but only report whether they should be transmitted from two TRPs simultaneously. Current LTE FD-MIMO should be enhanced in this case for multiple TRP transmission in novel report of whether multiple TRPs are transmitting and novel calculation of CQI. 
Proposal 1: NR MIMO CSI measurement and report framework could be based on the framework of FD-MIMO CSI measurement and report, with refinement on beam combination codebook design, CoMP and streamlining of transmission modes and CSI report classes. 
According to above discussion, CSI mainly include beam index, PMI, RI and CQI. For CoMP, there may be another index indicating whether or which TRPs could be used for simultaneous transmission. According to discussion in our companion contribution[3], CSI-RS would be consisting of two parts targeting different measurement: one part is very sparse in frequency domain and one part is relatively denser. Beam index maybe measured from reference signal that is very sparse and PMI, RI and CQI is measured from those that are denser. For the novel index of which TRPs should be used for simultaneous transmission, it should be pointed out that due to the fact that different TRPs are transmitting different layers, UE could still use the separate CSI RS of each TRP, suggest the best ones, report to its associated TRP and let the eNB decide which TRPs are going to cooperate for transmission.   
Proposal 2:CSI report in NR MIMO framework mainly consists of beam index,PMI, RI, CQI and a novel index indicating whether or which TRPs could be used for simultaneous transmission . 
In LTE, there are different classes of reports, targeting different kinds of codebooks (related to different transmission modes), different reporting modes (e.g., no PMI, single PMI or multiple PMIs) and different combination of report contents. The reason of so many different kinds is on the one hand due to support of legacy design, on the other hand is because of performance of uplink control channel. In NR, this should be avoided. Uplink control channel could be given more resources and dynamically controlled. Fewer types of size should be supported. Padding zeros in NR uplink CSI report should not be a luxury. Without legacy design, with fewer reporting modes, and with higher uplink control payload ability, NR is able to avoid the many kinds of UCI report in LTE.
Proposal 3: Without legacy design, with fewer reporting modes, and with higher uplink control payload ability, NR should avoid the many kinds of UCI reports in LTE.
We show in the analysis that at least for transmission with multiple panels and sub-arrays, there would be beam combinations. Codebooks for beam combination is needed. In LTE FD-MIMO, there is only beam selection. Novel combination codebook should be studied. In our understanding, nested property and constant modulus of the combination codebook is still important in order to reduce complexity and balance power between subarrays and panels. Householder combination codebook is a good starting point.
Proposal 4: Nested property and constant modulus is still the design principle of beam combination codebook. Householder codebook is a good starting point. 
CoMP enhancement is needed since joint transmission between TRPs that are not co-located would be highly possible in ultra dense deployment. For these cases, PMI report for non QCL reference signals is unstable and suffers from various implementation impairments. On the other hand, UE may possibly use different analog beam to receive signals from different TRPs. Joint transmission seems to be beneficial if different layer are transmitted from differnt TRPs. UE needs to report whether or which TRPs in the large amount of candidates could be selected for simultaneous transmission.  
Proposal 5: NR MIMO supports in UCI novel index of whether or which TRPs in the large amount of candidates could be selected for simultaneous transmission.
For the case of TDD system, due to the existence of analog beam, it may not fully utilize channel reciprocity. As proposed in our companion contribution [3], reference signal for beam training is still needed in TDD. But for beam combination and whether multiple TRPs could be coordinated for transmission, channel reciprocity could be triggered.   
Proposal 6: For NR TDD, beam information related to analog beam selection is still acquired from DL beam training reference signal. For beam combination and multiple TRP cooperation, channel reciprocity could be triggered.   
UL beam and CSI measurement could leverage beam reciprocity between DL and UL. UE would maintain the best Rx beam for each received Tx beam. When the UE is indicated to transmit UL SRS signal, UE could select a beam range around the DL Rx beam to transmit. eNB would use the beam (which is indicated to UE in UL SRS triggering) or a beam range around the beam to receive the UL SRS. Due to large amount of analog beams, a similar hierarchical SRS structure should also be supported for UL beam training and channel state measurement. Macro level could be used mainly for beam training with very sparse reference signal in frequency domain while micro level mainly used for channel state measurement.
All UL CSI is acquired through measurement of dynamically configured and triggered SRS. It is possible for UE to transmit multiple SRS simultaneously through different panels/TxRUs. Multiple TRPs should be able to receive the SRS simultaneously.   
Proposal 7: All UL CSI is acquired through measurement of dynamically configured and triggered SRS. It is possible for UE to transmit multiple SRS simultaneously through different panels/TxRUs. Multiple TRPs should be able to receive the same SRS simultaneously. 
3. Conclusion
In this contribution, we discuss the NR CSI acquisition and report and have the following proposals:  
Proposal 1: NR MIMO CSI measurement and report framework could be based on the framework of FD-MIMO CSI measurement and report, with refinement on beam combination codebook design, CoMP and streamlining of transmission modes and CSI report classes. 
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