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1. Introduction
In RAN1 #89 meeting, codebook designs for both CSI feedback Type I (including multi-panel scenario) and II were agreed. In this contribution, we discuss CSI reporting contents based on the agreement in the last meeting. 
Discussion on CSI reporting contents 
· CSI Acquisition
In NR-MIMO, two types of CSI for acquisition are supported, 1) Type 1 with normal resolution and 2) Type 2 with high resolution. The main use case for Type 1 CSI is SU-MIMO, while the Type 2 CSI targets to improve MU-MIMO performance with high resolution PMI feedback. Therefore, Type II codebook is agreed to support up to rank 2 in NR Phase 1. 
Type 1 CSI supports both single-panel and multi-panel environments, and two codebook Configs are supported for rank 1 and 2 in the case of single-panel. For single panel cases, the maximum payload size for W1 is 10 bits for 32-port with 2D port-layout, and that of W2 is 4 bits when codebook Config 2 is configured. For multi panel cases, the maximum payload for W1 is 14 bits when the number of supported panel is 4, and that of W2 is 4 when the mode 2 is configured. Thus, analogous to the LTE Class A, PUCCH based periodic reporting and PUSCH based aperiodic reporting can be supported in NR with Type I CSI due to its relatively low PMI resolution. 
Proposal1. Support both PUCCH based and PUSCH based CSI reporting in NR in the case of Type 1 CSI. 

In LTE Class A, PUCCH based reporting requires 3 reporting instances. For example, PUCCH mode 1-1 submode 1 can be expressed as
· 1st instance: RI
· 2nd instance:W1
· 3rd instance: W2 and CQI.
[bookmark: _GoBack]The reason for allowing multiple reporting instances is limited container size and/or different CSI change rate for each CSI component. Due to this periodic reporting mechanism, error propagation among 3 reporting instance can occur. To minimize such CSI dependency issue, we can consider one shot periodic reporting with flexible configuration of PUCCH payload size. This can allow a single instance CSI reporting which may contain RI, W1, W2, CQI, and so on. In such a single instance CSI reporting, the maximum payload size can be determined by the maximum required bits of each CSI component. When it comes to SB reporting mode, the required payload size of SB CSI becomes NSB*(4 + SB CQI bits) where NSB is the number of SB and 4 represents maximum W2 payload size. If we assume NSB = 10 and 2-bit CQI (differential SB CQI), total 60 bits are required for SB CSI reporting which may not be desirable for PUCCH reporting with the single instance CSI reporting. Alternatively, we may consider LTE PUCCH mode 2-1 which is comprised with RI, PTI, W1, W2, CQI, and L-bit labelThus, careful study for SB CSI reporting in PUCCH is required, and at least WB CSI (e.g., RI, WB W1, WB W2, and WB CQI) is reported via PUCCH based reporting. 
Proposal2. At least WB CSI (e.g., RI, WB W1, WB W2, and WB CQI) is reported via PUCCH.

In Type II CSI feedback, the required payload size is much larger than that of the Type I CSI. Besides, the payload size is almost doubled as the rank increases from 1 to 2. Thus, PUCCH based reporting is not suitable for Type II CSI feedback. One solution allowing PUCCH based reporting with Type II CSI is restricting the size of all the codebook parameter as low as possible. However, in such case, the codebook subsampling may be additionally needed, probably resulting in performance loss. Thus, for Type II CSI feedback, only PUSCH based CSI reporting is preferable.
Proposal3. For Type II CSI feedback, only PUSCH based CSI reporting is preferable.  
Remaining issue on Type II CSI feedback is dependency of W2 size according to whether or not the preferred amplitude coefficient value is zero. Since the size of RPI depends on the value of RI, separate encoding between RI and RPI can save the total payload. For instance when L=4, RPI = 21 bits for RI=1 and RPI = 42 bits and RPI =2. Furthermore, we can consider three separate encoding as RI, W1 (including RPI) and W2+CQI. In this case, if RPI = 0 corresponding to zero value, we can save 3-bit phase coefficient in W2 per SB. Since payload saving in W2 depends on the probability of selecting RPI=0, this probability should be verified through simulation.
Observation1. For Type II CSI feedback, performance benefit by saving W2 payload size needs to be clearly shown.
In LTE, it is employed 4-bit CQI table according to the max MCS level and 3-bit differential CQI table when RI>2. In NR, higher modulation such as1024 QAM can be employed, thus another CQI table needs to be introduced. If we maintain the 4-bit CQI table in that case, some of lower modulation level will be dropped, which may lead relatively inaccurate CQI reporting. Furthermore, such high modulation order will be used only for a specific scenario in which very high SNIR is achieved so that always supporting it in a single CQI table is not efficient. Instead, configurable Q-bit CQI table can be considered in order to flexibly support different ranges and step sizes of MCS level for more accurate CQI reporting. 
Proposal4. Consider configurable Q-bit CQI table in order to flexibly support different ranges and step sizes of MCS level and more accurate CQI reporting. 

· Beam management
In NR, CSI-RS is agreed to be used for beam management in addition to the functionality of CSI acquisition. In that case, multiple CSI-RS ports within multiple CSI-RS resources can be used for efficient beam management. More specifically, different Tx beams can be mapped to across the multiple ports and multiple CSI-RS resources. Thus, in order to accurately indicate the best Tx beam, CRI and PMI related to the port number can be employed. Regarding PMI indication, port selection codebook with the rank 1 restriction may be one option. Also, in order to indicate the quality of the selected best Tx beam(s), its related RSRP can be also reported to the gNB in addition to the CRI and PMI. In this case, RSRP table for beam management needs to be newly introduced.  
Observation2. One or more CRI, PMI and/or RSRP indicator can be reported to indicate the best Tx beam(s) for beam management.

Conclusion
This contribution discussed CSI reporting contents for both CSI acquisition and beam management in NR MIMO. Following observations and proposals are given, based on the discussion: 
Observation1. For Type II CSI feedback, performance benefit by saving W2 payload size needs to be clearly shown.
Observation2. One or more CRI, PMI and/or RSRP indicator can be reported to indicate the best Tx beam(s) for beam management.
Proposal1. Support both PUCCH based and PUSCH based CSI reporting in NR in the case of Type 1 CSI. 
Proposal2. At least WB CSI (e.g., RI, WB W1, WB W2, and WB CQI) is reported via PUCCH.
Proposal3. For Type II CSI feedback, only PUSCH based CSI reporting is preferable.  
Proposal4. Consider configurable Q-bit CQI table in order to flexibly support different ranges and step sizes of MCS level and more accurate CQI reporting. 

