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Discussion and Decision

1. Introduction
In RAN1#86bis, some agreements about the number of supported downlink CSI -RS have been agreed as below. In this paper we present our design considerations on the number of antenna ports to be supported in NR. 
Agreements:
· CSI-RS configuration for NR includes at least ‘number of antenna ports’

· Configuration can be explicit or implicit

· The number of CSI-RS antenna ports can be independently configured for periodic/semi-persistent CSI reporting and aperiodic CSI reporting

Working assumption:
· The number of antenna ports supported for CSI-RS configuration includes at least the following values

· 1,2,4,8,[12],16,[20],[24],[28],32

· RAN1 will update/remove above bracket parts in the next meeting

· Study e.g., performance, scenario, RS overhead, RS pattern considering the frame structure, reuse of hardware between NR and LTE

2 Design Principles of DL CSI Measurement
In previous meeting it was agreed to design unified scalable CSI measurement and reporting framework for both low band 5G NR system and high band 5G NR system. Considering existing CSI measurement schemes, they can be summarized as the follows:
· Class A: non-precoded CSI-RS transmission, and PMI based feedback.

· Class B: Beamformed CSI-RS transmission, and PMI based feedback.

· K=1 case: single CSI-RS resource and PMI based feedback

· K>1 case: multiple CSI-RS resource, and CRI, PMI based feedback

In each of these schemes, CSI-RS transmission, channel state measurement, and CSI reporting are defined differently to each other. In our contributions [1], we have presented various RS design and CSI reporting framework schemes to show the scalability of unified CSI measurement and reporting framework in 5G NR system. In those schemes, the non-precoded RS transmission schemes can be merged with beamformed RS transmission scheme, which can be considered as typical case of beamformed RS with only single antenna port (beamformed with sector beam). In other cases, the K=1 and K>1 beamformed CSI-RS also can be merged and be transparent to UE as the RS itself. But for explicit feedback schemes, the PMI and feedback should be designed accordingly, as well as the acknowledge signaling to inform UE how to perform the channel estimation and feedback. 
Proposal 1: For RS design and CSI reporting framework design, we should use unified framework for low band and high band 5G NR system. 

In order to support the CSI measurements in different scenarios, carrier frequency, and antenna configurations, various number of antenna ports should be supported in NR system for the following purposes.
· RS transmission overhead reduction: when massive amount of antenna ports are available, the RS transmission overhead will be essential to affect the performance of peak data rate. With the beamformed RS transmission schemes, small number of antenna ports for RS can be supported in NR system.

· Channel diversity & degree of freedom: when UE is equipped with multiple antennas, and more UEs can be scheduled in same time and frequency resources, the channel diversity and degree of freedom should be guaranteed to perform multi-stream/multi-user transmission. With this case, large number of antenna ports for RS should be supported in NR system.
· Balance between above two aspects: in order to balance the overhead reduction requirement and maintain channel degree of freedom requirement, the new RS transmission and CSI measurement/reporting schemes should be studied in NR system, such like partial port-mapping scheme, which can be considered as hierarchic feedback scheme; Kronecker product based channel measurement and CSI reporting scheme; etc… Thus, with these schemes, smaller number of RS ports is needed even the non-precoded CSI-RS is employed to obtain the CSI of large antenna array. According to the antenna configuration discussion, existing 32 antenna ports can support up to 32X32 antenna array with Kronecker product based channel measurement, the detailed scheme of using less RS ports to obtain large antenna array can be further studied.
· Full power utilization issue with large number of antenna ports of RS: another limitation of the number of antenna ports is full power utilization problem, which can greatly affect the coverage performance if the RS power is not fully utilized due to power boosting limitation. Due to the limited linear amplifier range at the transmitter, the power boosting factor generally set to 6 dB, and above that will exponentially increase. One way to fix this issue is increase the OCC sequence length, which also make the RS design more complex and inefficient. 
· Different functionality of CSI-RS: In [1], we proposed different types of CSI-RS for beam selection and RRM management with cell specific configuration, and as well as CSI measurement with UE specific configuration. For different aims of design these CSI-RS, different CSI-RS pattern and number of supported CSI-RS port should be considered. 
Thus, considering different types and functionalities of CSI-RS, supporting different antenna configurations for lower band 5G and higher band 5G system, variable number of CSI-RS ports should be supported in 5G NR system, the number of CSI-RS ports need to be configured flexibly.
Proposal 2: The number of antenna ports supported for CSI-RS configuration includes at least the following values:
· 1, 2, 4, 8, 12, 16, 20, 24, 28, 32
Proposal 3: For massive antenna ports in new antenna configurations, various schemes can be used to reduce RS transmission overhead, which also reduce the requirements of CSI-RS port number. Thus the maximum number of CSI-RS port should not exceed 32.
3 Conclusion

In this paper, we reviewed the potential CSI measurement and reporting algorithms, and our views on 5G NR CSI framework design. The proposals can be found as the following:
Proposal 1: For RS design and CSI reporting framework design, we should use unified framework for low band and high band 5G NR system. 

Proposal 2: The maximum supported antenna number should be studied carefully, and suggest to keep 32 as baseline. Enough strong motivation should be provided if more than 32 ports of RS design is proposed.
Proposal 3: For massive antenna ports in new antenna configurations, various schemes can be used to reduce RS transmission overhead, which also reduce the requirements of CSI-RS port number. Thus the maximum number of CSI-RS port should not exceed 32.
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