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Discussion and Decision
1   Introduction
CSI acquisition is the essential component to keep system operation. In LTE stage, CRS was introduced as signal and interference measurement in Rel-8, however, in later LTE evolution CSI-RS and zero-power CSI-RS are considered for signal and interference measurements respectively. According to RAN1 #86 meeting outcome [1], there is one agreement to address reference signal for CSI acquisition:

· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)

· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
In this contribution, DL CSI acquisition framework based reference signal is presented, moreover, UL CSI acquisition mechanism is proposed.   
2   DL reference signal and CSI acquisition   
In DL CSI measurement, UE specific configuration should be inherited from LTE system because it provides enough freedom to measure the signal and interference. Naturally, CSI-RS could be reused in NR for signal measurements due to UE specific property and its limited overhead. For interference measurement, besides the UE specific configuration, interference measurement accuracy is one additional requirement, therefore, zero-power resource element can provide one clean interference measurement space. Based on this point, zero-power CSI-RS should be used as the basic interference measurement resource. For CSI-RS and ZP-CSI-RS configurations, it is possible to get the more flexibility in 5G new radio interface, for example, dense CSI-RS transmission in shorter TTI and sub-band specific CSI-RS configuration [2]. Shorter CSI-RS period enables fast CSI feedback, while sub-band CSI-RS configuration can help CSI measurement for indicated resource blocks. Based on those analysis, keeping the CSI-RS and ZP-CSI-RS for CSI acquisition is simple and effective solution for new radio interface. 
In case of other reference signal for interference measurement, for example, using DMRS as the CSI measurement, one typical scheme is based on scheduled PDSCH since DMRS is accompanied by PDSCH transmission. In this scheme, DMRS is precoded, so it will represent real signal strength, meanwhile, scheduled PDSCH will experience real interference, so it can provide an accurate interference measurement if using DMRS or PDSCH as interference measurement resource. However, one big drawback is that the CQI measurement based on PDSCH or DMRS is always behind the actual scheduling due to the dynamic scheduling. It means that every new scheduled time-frequency resource and interference status may not match the last time PDSCH transmission. Obviously, it reduced the validity of the CQI feedback based on PDSCH.  In this sense, CSI acquisition based on PDSCH or related DMRS is not one effective solution to improve CQI measurement based on CSI-RS and ZP-CSI-RS. 

Observation 1: if CSI acquisition is based on PDSCH and related DMRS, it may not be effective due to dynamic scheduling and interference change.    
In order to keep the simplicity of signal and interference measurement, it is desired to use one single and unified CSI acquisition framework based on CSI-RS and ZP-CSI-RS to perform the CSI measurement. Even if introducing the new reference or new resource type for CSI acquisition, it should not break this framework. 

Proposal 1: Strive for one single CSI acquisition framework to support various scenarios.
· CSI-RS and ZP-CSI-RS should be taken as the baseline for DL CSI acquisition
In NR, beamforming will be one basic feature for control plane and data plane transmission. Consequently, conventional channel state information would be extended to comprise of beam information and instant channel information associated with one beam or beam group. Depending on the scenario, the amount of beams and beam zone division is varied, from one sector beam to multiple beams covering one cell or one area. From the CSI reliability perspective, beam direction is more or less related to long term and wideband property, while the CSI based one certain beam is changed quickly, related to instant fast fading channel information. Based on this analysis, it is needed to divide the channel information into beam and instant CSI, this corresponding to beam specific reference signals and CSI reference signals which are utilized to estimate these two kinds of information. Though one single port beamformed CSI-RS could be used to beam measurement, beam information and instant CSI information should be separated with different functionality of reference signal. Considering the data channel and common control channel leverage, the beam specific reference signal could be used for both beam acquisition of common channel and data channel. In view of LTE Rel-13 beam selection in CSI feedback, beam specific RS carries similar functionality of beamformed CSI-RS, if multiple beamformed CSI-RS sets are configured. However, in order to facilitate the beam management, beam selection is better to be separated from instant CSI feedback. There are two reasons to support this argument. One is variable beam types (wide beam or narrow beam, analogue beam or digital beam, transmitter beam or receiver beam) and the amount of beam numbers which is increasing in new radio. A second reason is that in common control channel, initial beam selection is made, and the upcoming data channel could reuse the beam selection done by the common control channel, and the BS can conduct new beam refinement or trigger new beam selection.  
In case of CSI-RS, it should be carrying the beam information and it should be used for instant CSI acquisition. Furthermore, CSI-RS is beamformed either with sector beam or one certain directional beam. From this perspective the UE does not differentiate between precoded and unprecoded CSI-RS. In order to improve system design robustness, one beamformed CSI-RS set may comprise of many directional beamformed antenna ports in case of many beams supporting DL transmission. This configuration would be meaningful when multiple TRPs transmit DL data packet to one UE. Similarly, in order to guarantee the CSI detection robustness, configuring multiple beamformed CSI-RS resources to the UE is beneficial in some scenarios.  
Proposal 2: From the CSI information scope perspective, beam related reference signal can be used for provide beam direction information, and beamformed CSI-RS is used for instant CSI measurement. 
Proposal 3: Allow configuring multiple beamformed CSI-RS sets for CSI measurement.  

· As one special configuration, the CSI-RS ports within one beamformed CSI-RS can be associated with multiple different directional beams. 
3   UL CSI acquisition  
For UL CSI acquisition, sounding reference signal can be used for UL channel measurements and interference measurements. In UL transmission, beam sounding can be applied in the following scenarios:

· HetNet case, UL beam and DL beam will be decoupled

· When channel reciprocity is unavailable, DL beam selection is not matched with UL beam 
· In UL multiple TRP or multiple cell reception case, UL beam sounding is more efficient.

In connected state, sounding reference signal is easy to be configured so that it is used for beam selection functionality. Hence, UL beam sounding is one natural choice to support UL multiple beam operation.   
In case of sounding reference signal design, there are some new channel measurement requirements, including fast beam sounding, dynamic CSI acquisition, and larger bandwidth measurement etc. These requirement trigger new solution for SRS resource allocation and SRS signal transmission format. In the companion contribution [2], some new design methods for SRS have been proposed. 

From the channel reciprocity prospective, DL CSI information is helpful to UL transmission, similarly, UL CSI acquisition can be utilized. For example, in DL beamformed CSI-RS transmission, the beam direction could be from the DL beam reference signal measurement, and also could be from UL beam sounding. In another aspect, DL beam measurement or instant CSI measurement can be used to UL precoding or UL beam determination. That is to say, when channel reciprocity condition is met, the CSI exchange of DL and UL is bi-directional. Through CSI reciprocity usage, DL reference symbol resource and UL reference symbol resource can be saved and used with higher efficiency.  
Proposal 4: In UL, beam sounding and CSI sounding based on SRS can be used jointly to acquire UL CSI information.

Proposal 5: Channel reciprocity based beam acquisition should be used to reduce beam related reference signal transmission of DL and UL when it is applicable.  
4
Conclusions
In this contribution, the relationship of the reference signal transmission and CSI acquisition is analysed, therefore, we have the following proposals and observations: 

Observation 1: if CSI acquisition is based on PDSCH and related DMRS, it may not be effective due to dynamic scheduling and interference change.    
Proposal 1: Strive for one single CSI acquisition framework to support various scenarios.

· CSI-RS and ZP-CSI-RS should be taken as the baseline for DL CSI acquisition
Proposal 2: From the CSI information scope perspective, beam related reference signal can be used for provide beam direction information, and beamformed CSI-RS is used for instant CSI measurement. 

Proposal 3: Allow configuring multiple beamformed CSI-RS sets for CSI measurement.  

· As one special configuration, the CSI-RS ports within one beamformed CSI-RS can be associated with multiple different directional beams. 
Proposal 4:  In UL, beam sounding and CSI sounding based on SRS can be used jointly to acquire UL CSI information.

Proposal 5: Channel reciprocity based beam acquisition should be used to reduce beam related reference signal transmission of DL and UL when it is applicable.  
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