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1. Introduction
In RAN1#86 meeting, WFs on the RS for CSI design principle in NR [1][2][3] are discussed and agreed as follows:
	Agreements:
· At least one of following RS configurations for CSI measurement are supported in NR
· Aperiodic RS
· Semi-persistent RS
· Periodic RS
· Study RS pattern for CSI measurement in NR both for DL and UL
· Study the density of RS
· Study the position of RS in the [subframe]
· Study the mapping of RS in one or several symbols

Agreements:
· For NR, support DL CSI measurement with X antenna ports
· Study the values of X = 1,2,4,8,12,16,20,24,28,32
· Study whether additional values of X are needed, including X > 32 (e.g., 64)
· Other values of X are not precluded

Agreements:
· NR support NR RS configured on a per UE basis
· FFS whether or not to support always-on non-UE-specific RS in NR
· Including the details of always-on and non-UE-specific, if supported


In this contribution, we discuss the considerations on CSI-RS design for NR-MIMO.
2. CSI-RS design principles
In NR, RS for CSI measurement is being studied and discussed. Literally, the definition of CSI can cover from information derived by analog beam related measurements to digital multi-antenna related measurements. In our view, at least one additional RS should be designed to support analog beamforming in addition to conventionally defined CSI-RS due to different design requirements for analog beam measurements. Please find the more detailed view on the RS for beam measurement in our companion contribution [4]. If we focus this CSI discussion more on digital MIMO processing, CSI-RS and DM-RS are the candidate RSs for CSI measurements. Even if DM-RS is supported for CSI measurement, separate RS for CSI measurement, i.e. CSI-RS, is still needed since DM-RS can be used only for adjusting CQI. One of the primary use cases of CSI-RS can be CQI measurement and reporting for link adaptation under the multiple Tx/Rx antenna conditions.
Proposal 1: CSI-RS should be designed in NR at least for CQI measurement.

In LTE, CSI-RS has been used for interference muting with the form of zero-power CSI-RS as well as CSI measurement with the form of non-zero-power CSI-RS for desired channels. Other use cases can also be considered in NR, e.g. interference channel measurement. As an initial step, design focus can be MIMO channel estimation of serving TRPs. After sketching out an initial design, we can further consider reusability of it for other purposes such as interference muting, interference measurement, and beam measurement. 
Proposal 2: Initial focus of CSI-RS design can be on the MIMO channel estimation of serving TRPs.

In LTE Rel-13, beamformed RS was introduced for CSI measurement. Compared with non-precoded CSI-RS design, beamformed CSI-RS design can accommodate large number of antennas and diverse antenna configurations more efficiently. By following beamformed CSI-RS design principle, we don’t necessarily design different CSI-RS patterns and relevant PMI codebooks per different number of TXUs. It is also desirable in terms of future-proofness when it comes to various antenna configurations in the future. Accordingly, beamformed CSI-RS can be a baseline for NR MIMO.
Proposal 3: Beamformed CSI-RS can be a baseline design principle in NR

For the number of CSI-RS ports, it would be desirable to consider at least equal to or more than 32 ports, which will be supported in LTE eFD-MIMO, if non-precoded CSI-RS is supported in NR. There is no clear motivation of supporting more than 32 antenna ports considering feasible number of TXRUs of TRP and performance trade-off between CSI-RS overhead and performance under the limited feedback conditions. 
Proposal 4: Consider up to 32 CSI-RS ports in NR if non-precoded CSI-RS is supported.

[bookmark: _GoBack]Note that from TRP perspective, it would be required to support transmission of more than 32 antenna ports simultaneously to multiple UEs, and number of CSI-RS ports can exceed number of TXRUs when it comes to beamformed CSI-RS. Therefore it would be beneficial to keep the concept of “CSI-RS resource” where multiple time/ frequency resource candidates for CSI-RS are defined within a subframe according to number of ports to support multiple UEs with different beamforming. 
Proposal 5: It would be needed to keep the concept of “CSI-RS resource” where multiple time/frequency resource candidates for CSI-RS can be defined within a subframe.

For the preferable CSI-RS resource design, multiple time-frequency resource sets are defined as CSI-RS resources within a PRB according to possible port number candidates. CSI-RS resources are non-overlapping each other and nested property among different port numbers can be maintained also in NR. Note that the maximum number of analog beams per symbol cannot exceed the number of TXUs of TP in this case. If NR supports CSI reporting within the same subframe where the CSI-RS is transmitted, CSI-RS should be located in early symbols. Note that if CSI-RS is located before the downlink control channel, DCI for CSI-RS measurement indication is required to be transmitted at an earlier subframe than the actual CSI-RS is transmitted to avoid CSI-RS buffering. 
Various frequency granularity for CSI-RS transmission can be considered in NR, whereas only wideband CSI-RS is defined in LTE. Similarly to LTE, wideband CSI-RS can be supported basically in NR for wideband CSI reporting. In addition to the wideband CSI-RS, subband and partial band CSI-RS can be considered as well. If TP allows restricting UE’s scheduling resources, which means that the allocated subband to UE does not change until the transmission end or additional subband selection procedure is activated, then CSI-RS can be only transmitted on the localized frequency resources so that CSI-RS overhead is reduced. This method is a tradeoff between RS overhead on the TRP perspective and scheduling restriction. Partial band CSI-RS can also be considered, where partial band can be defined as a group of subbands where the same service is provided. Since partial band may not be changed dynamically and each partial band could be based on different numerology and different interference condition, CSI-RS transmission and relevant partial band CSI reporting will be beneficial to support each service. 
Proposal 6: Wideband/subband/partial band CSI-RS can be considered.

CSI-RS resource can be configured UE-specifically and can be configured only when CSI measurement is required. Our view on aperiodic/semi-persistent CSI-RS is described in our companion contribution [4]. Based on aperiodic/semi-persistent CSI-RS, overall CSI-RS overhead can be controlled. In addition, time and frequency CSI-RS density reduction techniques can be considered for large port numbers. For example, in frequency domain, CSI-RS can be allocated on certain RBs, such as odd/even RBs for large port numbers. Similarly, time domain approach can also be considered for density reduction, where CSI-RS can be allocated over multiple subsequent subframes. These approaches are basically on the trade-off between RS density and channel measurement accuracy, therefore the effect of reduced RS density to overall system performance should be investigated. 
Proposal 7: Low time/frequency/spatial density CSI-RS design can be considered in NR to control RS overhead within a reasonable range especially for the cases of large number of CSI-RS ports.

3. Conclusion
This contribution discussed on CSI-RS design consideration for NR-MIMO. Following proposals are given, based on the discussion:
Proposal 1: CSI-RS should be designed in NR at least for CQI measurement.
Proposal 2: Initial focus of CSI-RS design can be on the MIMO channel estimation of serving TRPs.
Proposal 3: Beamformed CSI-RS can be a baseline design principle in NR
Proposal 4: Consider up to 32 CSI-RS ports in NR if non-precoded CSI-RS is supported.
Proposal 5: It would be needed to keep the concept of “CSI-RS resource” where multiple time/frequency resource candidates for CSI-RS can be defined within a subframe.
Proposal 6: Wideband/subband/partial band CSI-RS can be considered.
Proposal 7: Low time/frequency/spatial density CSI-RS design can be considered in NR to control RS overhead within a reasonable range especially for the cases of large number of CSI-RS ports.
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