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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. The SI will study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications. The new RAT (NR) will consider deployment on frequency ranges up to 100GHz. And RAN1#84b [2] agreed to study enhanced massive MIMO analog/digital/hybrid beam-forming. In this contribution, we present our views on the CSI acquisition in beamformed system, which is key factor for MIMO and beamforming operations.
CSI acquisition in beamformed NR 
MIMO and beamforming techniques are one of the key techniques for NR. Acquisition of CSI information is one of the key factors for multi-antenna techniques. In FDD mode, the general method is that UE measures the downlink CSI and then feedbacks the measurement to BS. In TDD system, the general method is that the BS measures the downlink CSI from uplink transmission (for example SRS) through the DL-UL reciprocity. In NR operating with FDD mode, we could have the cases of no DL-UL reciprocity and partial DL-UL reciprocity. In NR operating with TDD mode, we could have the cases of full DL-UL reciprocity and partial DL-UL reciprocity.
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TDD mode 
This section discusses the possible scenarios of DL-UL reciprocity we could have in NR operating in TDD mode. The NR with higher frequency (> 6GHz) could have various configuration options for the BS Tx and Rx antennas. One configuration option is Tx and Rx use separate antenna panels. One example is illustrated in figure 1. One advantage of this configuration is there is no switch loss. Since Tx and Rx do not share the same antennas, we cannot assume full DL-UL reciprocity. The placement of Tx and Rx antenna panels and the distance between the Tx and Rx panels might generate different level of DL-UL reciprocity. If the panels are close enough, we could still assume there is DL-UL reciprocity for the best coverage analog beam since the angle of arrival is the same as the angle of departure and we could assume there is DL-UL reciprocity for the long term CSI. 


Figure 1
Another configuration option of BS antenna is Tx and Rx share the same antennas. Here we could assume DL-UL reciprocity for the best coverage beam and channel CSI. However, this configuration has switch loss. The switch loss does not affect the DL-UL reciprocity for the best coverage beam, but it could impair the DL-UL reciprocity of channel CSI. It is worthwhile to study how much the switch loss impairs the DL-UL reciprocity of CSI. If the switch loss is small, we could still assume full DL-UL reciprocity of CSI. However, if the switch loss is big, we could only assume DL-UL reciprocity for long term CSI but there is no DL-UL reciprocity for short term CSI. 
Another factor affecting the DL-UL reciprocity is the UE antenna configuration. The UE antenna configuration could have various options, including:
· Tx and Rx share the antennas.
· Tx and Rx use separate antennas
· UE has limited or no beamforming capability for Tx
· UE has full beamforming capability for Tx
· UE has limited or no beamforming capability for Rx
· UE has full beamforming capability for Rx.
If UE Tx and Rx share the antenna and Tx and Rx has the same beamforming capability, we could assume full DL-UL reciprocity of best coverage beam and channel CSI. But in all other cases, we could not assume full DL-UL reciprocity. In the cases where Tx and Rx has different beamforming capability, we might not assume DL-UL reciprocity of best coverage beam and CSI. In the cases where Tx and Rx has same beamforming capability but use different antennas, we could still assume partial DL-UL reciprocity.
Observation 1: For beamformed NR system in TDD mode, we could have full DL-UL reciprocity orpartial DL-UL reciprocity.
Uplink SRS transmission is the most common method for CSI measurement through DL-UL reciprocity in TDD mode. In beamformed system, the downlink transmission is beamformed by some Tx beam and the uplink transmission is received with some Rx beam. To utilize the full DL-UL reciprocity, the BS should use the same beam for Tx and Rx for one UE. The BS should use the same beam to receive the SRS transmission from one UE. The beam is analog beam and is applied in time-domain signal. So the BS can only apply the one beam on one SRS OFDM symbol. This could impose some challenge on the UL SRS design and scheduling. The BS needs to make sure the UEs being scheduled on same SRS OFDM symbol to have the same Rx coverage beam. If UE has Tx and Rx beamforming capability, we should make sure the UE apply the same beam to SRS transmission as the beam used for downlink reception. 
Observation 2: Beamformed system has new challenge on the uplink SRS transmission.
As discussed above, we could not always assume full DL-UL reciprocity for beamformed NR system in TDD mode. For the case where we only have partial DL-UL reciprocity, we might need some feedback of DL measurement from UE to assist the CSI acquisition.
Proposal 1: Study the DL-UL reciprocity for beamformed NR system in TDD mode and study the impact on CSI acquisition.
FDD Mode
This section discusses the scenarios of DL-UL reciprocity we could meet for NR operating in FDD mode. In FDD system, we generally do not have full DL-UL reciprocity. When the guard bandwidth between downlink and uplink is large, we do not have DL-UL reciprocity. When the guard bandwidth between downlink and uplink is not large, we could have partial DL-UL reciprocity, which could enable us to long term CSI information for DL from UL transmission. In beamformed NR, we could have different Tx beam and Rx beam due to different carrier frequency, which would reduce the DL-UL reciprocity. The narrow beam used beamformed NR could reduce the channel delay spread and that could increase the value of minimum guard bandwidth that gives us partial DL-UL reciprocity.
The BS antenna configuration has impact on the CSI acquisition. One BS antenna configuration option is dual polarization configuration and different polarization on separate panels. One example of this configuration option is illustrated in figure 2. As shown in figure 2, each panel consists of antennas with the same polarization. The Tx beam used on different panels could be same or different. The CSI measured from one panel could not be applied to other panels. If the BS sends CSI-RS to measure all the antenna panels, the overhead might be too much.
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Figure 2
Observation 3: For beamformed NR system in FDD mode, we could have partial DL-UL reciprocity or no DL-UL reciprocity.
Observation 4: Tx antenna configuration has impact on CSI measurement mechanism in FDD mode.
Proposal 2: Study the DL-UL reciprocity for beamformed NR system in FDD mode and study the CSI acquisition mechanism. 

Conclusions
For the study item on new Radio Access Technology, we should study the CSI acquisition scheme for beamformed system. Our proposal are given below:
Observation 1: for NR with beamformed mode, we could have full DL-UL reciprocity and partial DL-UL reciprocity for TDD mode 
Observation 2: Beamformed system has new challenge on the uplink SRS transmission and scheduling.
Observation 3: for beamformed NR system, we could have partial DL-UL reciprocity or no DL-UL reciprocity in FDD mode.
Observation 4: Tx antenna configuration has impact on CSI measurement mechanism in FDD mode.
Proposal 1: Study the DL-UL reciprocity for beamformed NR system in TDD mode and study the impact on CSI acquisition.
Proposal 2: Study the DL-UL reciprocity for beamformed NR system in FDD mode and study the CSI acquisition mechanism. 
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