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1. Introduction
In RAN1#86bis meeting, a WF on the CSI-RS design for NR [1][2][3] is discussed and agreed as follows:
	Agreements:
· At least the following RSs are supported for NR downlink
· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement 
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: channel state information estimation and interference estimation
· FFS: beam management
· [bookmark: _GoBack]Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· Reference signal for time/freq. tracking
· FFS whether new RS or RS for other functionalities can be used
· Reference signal for Radio link monitoring
· FFS whether new RS or RS for other functionalities can be used
· RS for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
· At least the following RSs are supported for NR uplink
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· FFS: Reference signal for RRM measurement
· FFS whether new RS or RS for other functionalities can be used

Agreements:
· Support NR CSI-RS pattern with at least the following properties: 
· CSI-RS mapped in one or multiple [consecutive] symbols
· FFS: At least CSI-RS located at the earlier part of a slot in some cases
· FFS: before or after the DM-RS agreed to study in RAN1#85
· FFS: CSI-RS located at other part of a slot
· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner
· Working assumption: CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook
· Support at least following configurations of NR CSI-RS
· UE-specific configuration to support
· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs

Agreements:
· CSI-RS configuration for NR includes at least ‘number of antenna ports’
· Configuration can be explicit or impliit
· 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



In this contribution, we discuss the views on CSI-RS design for New RAT.
2. Discussions on CSI-RS design
According to the working assumption in RAN#86bis, at least 32 ports is supported for the number of CSI-RS ports for NR. Considering maximum number of CSI-RS, it would be desirable to consider 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 1: Consider up to 32 CSI-RS ports in NR if non-precoded CSI-RS is supported.

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 2: 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.

It was agreed in previous meeting that CSI-RS is mapped in one or multiple [consecutive] symbols. If early CSI reporting within a subframe is needed, CSI-RS symbols can be located just after DL control channel and DL DMRS, for example the 3rd symbol in a subframe, since aperiodic CSI-RS indication and CSI reporting request needs to be first decoded from the control channel. However, if self-contained structure is supported but the structure is span for multiple subframes, early transmission of CSI-RS seems not required.
Observation 1: CSI-RS have to be transmitted at least after the control channel and DL DMRS when early CSI reporting within a subframe is supported.

Frequency granularity for NR CSI components is discussed in our companion contribution [4]. For CSI-RS, three types of frequency granularity can be considered, that is, wideband, partial band, and subband CSI-RS as following, depicted in figure 1:
· Wideband for RS: Wideband size is determined by UE capability of transmitting/receiving UL/DL signal. Location of wideband could be configurable by network.
· Partial band for RS: Partial band size is determined neither by the size of system bandwidth nor wideband, and is configurable by network. 
· Partial band size is smaller than or equal to wideband size.
· Subband for RS: Subband size is fixed, configured, or determined by the size of system bandwidth, wideband, or partial band, where system bandwidth, wideband, or partial band is divided almost evenly by multiple subbands.

 [image: ]
Figure 1. CSI-RS with different types of frequency granularities.
Proposal 3: Consider three different frequency granularities for CSI-RS.

CSI-RS density reduction techniques can be considered for large port numbers, and time and/or frequency configurable CSI-RS density is agreed in previous meeting. For frequency domain, RB level density, such as CSI-RS allocated on certain RBs, such as odd/even RBs, can be considered. CSI-RS density reduction can be realized by CSI-RS pattern defined over multiple RBs, for example some CSI-RS ports can be measured in even RBs, while other CSI-RS ports can be measured in odd RBs. For Time domain CSI-RS density, CSI-RS can be transmitted on multiple subframes, for example some CSI-RS ports are transmitted in even subframes, while other CSI-RS ports can be transmitted in odd subframes. However, CSI accuracy degradation is expected due to the phase drift over multiple subframes where CSI-RS is transmitted, in addition to the effect from reduced density of CSI-RS. Therefore, effect of CSI-RS transmission on multiple subframes on CSI accuracy is required to be further studied when considering CSI-RS transmission over multiple subframes.
Proposal 4: Frequency domain configurable CSI-RS density is supported in NR, and the effect of time domain CSI-RS density reduction on CSI accuracy needs to be further studied.

It was agreed in previous meeting that CSI-RS supports beam management for NR, so that CSI-RS design should take analog beamforming aspects into account. Above all, beam selection can be based on received power comparison of different beam measurement RS. To minimize RS overhead, single measurement wise comparison would be desirable, i.e., each beam would correspond to one CSI-RS port. In this case, if multiple CSI-RS ports are FDMed in an OFDM symbol, multi-beam measurement can be enabled within the OFDM symbol. Due to the limitation of number of subcarriers per PRB and possibly number of TXRUs, TDMed beam RS ports should also be considered. 
Proposal 5: For beam measurement, single port based beam selection is preferable from RS overhead perspective, where multiple ports can be FDMed in the same set of symbols or TDMed in multiple symbols.

For TDM of CSI-RS ports to support beam procedures P-1, P-2, and P-3, there can be various options, for example:
Opt1. Consecutive transmission over multiple subframes or slots, where the CSI-RS RE location can be maintained for each subframe or slot.
Opt2. Consecutive transmission over multiple consecutive symbols within a subframe or slot.
Opt1 can be a good option from the perspective of the ease of reusability of CSI-RS and no issues on scheduling and link adaptation, however, latency issue may occur especially when UE need to find beam(s) as quickly as possible. To circumvent the latency issue, Opt2 can also be considered but it may reduce resource for DL data channel too much so that some restriction on scheduling and link adaptation may occur.
Proposal 6: CSI-RS transmission over multiple symbols within a subframe, or over multiple subframes or slots would be considered at least for DL beam management purpose.
Observation 2: Pros and cons of various options for consecutive transmission of CSI-RS should be carefully investigated for the efficient support of beam procedures as P-1, P-2, and P-3.


3. Conclusion
This contribution discussed consideration on NR CSI-RS design. Following observations and proposals are given, based on the discussion:
Observation 1: CSI-RS have to be transmitted at least after the control channel and DL DMRS when early CSI reporting within a subframe is supported.
Observation 2: Pros and cons of various options for consecutive transmission of CSI-RS should be carefully investigated for the efficient support of beam procedures as P-1, P-2, and P-3.

Proposal 1: Consider up to 32 CSI-RS ports in NR if non-precoded CSI-RS is supported.
Proposal 2: 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 3: Consider three different frequency granularities for CSI-RS.
Proposal 4: Frequency domain configurable CSI-RS density is supported in NR, and the effect of time domain CSI-RS density reduction on CSI accuracy needs to be further studied.
Proposal 5: For beam measurement, single port based beam selection is preferable from RS overhead perspective, where multiple ports can be FDMed in the same set of symbols or TDMed in multiple symbols.
Proposal 6: CSI-RS transmission over multiple symbols within a subframe, or over multiple subframes or slots would be considered at least for DL beam management purpose.
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