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1. Introduction
In RAN1#87 meeting, WFs on the CSI-RS design for NR [1][2][3] were discussed and agreed as follows:
	Agreements:

· NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration (details FFS) which can be measured at least to derive a CSI 

· Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where

· Each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.

· Further study at least the following aspects:

· FFS QCL aspects

· E.g., set of QCL parameters

· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc.

· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs

· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI

Agreements:
· In NR, a UE can be configured with a CSI-RS resource configuration with X ports

· Supported values of X are up to at least 32

· NR supports up to at least 32 port codebook

· FFS: Codebook design

· Study the potential benefits of 64 ports

Agreements:
· Support UE specific RRC configuration of one or more CSI-RS resource sets
· As one operation example, CSI-RS resources within a set can be dynamically shared amongst users

· Support dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users

· Allocation can be aperiodic (single-shot)

· Allocation can be on a semi-persistent basis

· Note: semi-persistent CSI-RS transmission is periodic while allocated

· Study the following aspects

· Signaling mechanism for dynamic allocation/de-allocation

· e.g. via MAC CE or L1 control signaling, via hierarchical control signaling with MAC-CE and DCI

· De-allocation may or may not be dynamically signaled at a later point in time

· Signaling mechanism for slot configuration (i.e., periodicity, subframe offset like in LTE)

· Signaling format for dynamic indication of CSI-RS resource(s)

· Signaling overhead reduction approaches

· e.g., structured groupings of CSI-RS resources and/or allocation scheme utilizing a combination of RRC configuration and dynamic signaling

· Methods to support resources of variable number of ports

· e.g. Aggregation of resources of a smaller number of ports

· Note: CSI-RS can be NZP
· FFS: ZP
· Note: mapping of CSI-RS resources with TRP(s) is an implementation issue



In this contribution, we discuss the views on CSI-RS design for New RAT.
2. General view on NR CSI-RS
It was agreed that CSI-RS supports beam management for NR, so that CSI-RS design should take analog beamforming aspects into account. Design requirement of CSI-RS for beam management and CSI-RS for CSI acquisition could be quite different in aspects of number of ports, time/frequency density, port multiplexing method and so on. Therefore, it would be necessary to design CSI-RS for beam management (i.e. CSI-RS type II) separately from the CSI-RS for CSI acquisition (i.e. CSI-RS type I). Main purpose of CSI-RS type I is the DL link adaptation analogous to LTE CSI-RS, and the main purpose of CSI-RS type II is the DL Tx/Rx beam management which does not necessarily require measurement accuracy for link adaptation so that CSI-RS type II could be sparser than CSI-RS type I from frequency density perspective at least. CSI-RS type II however may need to support transmission of more RSs within a slot to allow measurements of a large set of {Tx beam, Rx beam} hypothesis.

From unified CSI acquisition framework perspective, however, both CSI-RS types could be included in the RS setting and different reporting settings can be associated separately, i.e. one for conventional CSI reporting and the other for beam reporting. 

Proposal 1: NR should consider designing two types of CSI-RS separately.

· CSI-RS type I: mainly for DL link adaptation 

· CSI-RS type II: mainly for beam management 

3. Discussions on CSI-RS for CSI acquisition
According to the working assumption in #87 meeting, at least 32 ports is supported for the number of CSI-RS ports for NR. Considering maximum number of CSI-RS ports, it would be desirable to consider 32 ports, which is 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 2: Support up to 32 CSI-RS antenna ports in NR phase I.
When designing CSI-RS pattern for NR, ‘nested property’ can be considered as LTE CSI-RS design. Considering the number of UEs and TRPs supported in NR, this principle is beneficial for efficient allocation of multiple CSI-RSs, including IMR and ZP-CSIRS if introduced. If CSI-RS pattern is defined with nested property, multiple CSI-RSs with different port number configuration can be easily multiplexed with little confliction, and therefore it helps inter-UE and inter-cell CSI and interference measurement.
However, it may be difficult to design nested CSI-RS pattern for all possible port numbers for NR with the property, therefore CSI-RS base resource unit can be defined as the largest resource unit that the nested property is maintained. For example, assuming 12 subcarriers in a RB, CSI-RS pattern with 4 subcarriers can be considered as the CSI-RS base resource unit, considering the 3-cell interference coordination. In this case, 4 port CSI-RS pattern can be defined as the CSI-RS base resource unit if 1 symbol is used for CSI-RS. In figure 1, CSI-RS pattern for 1, 2 port and 4 port, nested in 4-port CSI-RS pattern are provided as an example. CSI-RS RE with the same color and hatching depicts the CSI-RSs for the same UE.
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Figure 1. CSI-RS pattern with nested property for port 1, 2 and 4 case

Proposal 3: Keep the nested property as much as possible for NR CSI-RS resource design.
For LTE CSI-RS pattern, OCC is applied across adjacent CSI-RS REs for different CSI-RS ports. Length-2 OCC is introduced for CSI-RS in LTE Rel-10, and length-4 and length-8 OCC is agreed to be introduced in FD-MIMO. OCC can also be considered for NR CSI-RS design, considering the power balancing among different CSI-RS ports and the limitation on CSI-RS RE power boosting. Both time-wise OCC(CDM-T) and frequency-wise OCC(CDM-F) can be considered. In following figure 2, CSI-RS REs with the same color and hatching depicts the CSI-RS ports with same OCC.
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Figure 2. CDM-F and CDM-T for length-2 OCC in 8-port CSI-RS pattern

Basically, CDM-T shows better performance than CDM-F, at least for LTE numerology, due to the longer coherence time than coherence bandwidth, so the orthogonality between different OCCs is well maintained. However, for the case that one symbol is used for CSI-RS transmission, or different analog beam is applied across adjacent CSI-RS symbols, CDM-F can be considered as well. Such different CDM directions can be configurable according to the property on the bands with different numerologies, for example coherence time and bandwidth.
Proposal 4: Consider both CDM-T and CDM-F for NR CSI-RS resource design
CSI-RS symbols can be located after DL control channel since aperiodic CSI-RS indication and CSI reporting request needs to be first decoded from the control channel. In addition, front-loaded DMRS needs to be located right after DL control channel. DMRS is not preferable to be multiplexed with CSI-RS within the same OFDM symbol by taking DMRS for high order MU-MIMO transmission into account. Accordingly, assuming 1 symbol for DL control channel and 1 symbol for DMRS as a minimum value, the third symbol can be the earliest symbol for CSI-RS transmission. 
Observation 1: CSI-RS should be transmitted at least after the control channel and front-loaded DL DMRS when early CSI reporting within a subframe is supported.
CSI-RS density reduction techniques can be considered for large port numbers, and the support of time and/or frequency configurable CSI-RS density is a working assumption currently. 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 slots, for example some CSI-RS ports are transmitted in even slots, while other CSI-RS ports can be transmitted in odd slots. However, CSI accuracy degradation is expected due to the phase drift over multiple slots where CSI-RS is transmitted, in addition to the effect from reduced density of CSI-RS. Therefore, effect of CSI-RS transmission on multiple slots on CSI accuracy is required to be further studied when considering CSI-RS transmission over multiple slots.
Proposal 5: Designing CSI-RS ports across multiple slots needs to be avoided.
4. Conclusion
This contribution discussed consideration on NR CSI-RS design. Following observations and proposals are given, based on the discussion:
Observation 1: CSI-RS should be transmitted at least after the control channel and DL DMRS when early CSI reporting within a subframe is supported.
Proposal 1: NR should consider designing two types of CSI-RS separately.

· CSI-RS type I: mainly for DL link adaptation 

· CSI-RS type II: mainly for beam management 

Proposal 2: Support up to 32 CSI-RS antenna ports in NR phase I.
Proposal 3: Keep the nested property as much as possible for NR CSI-RS resource design.
Proposal 4: Consider both CDM-T and CDM-F for NR CSI-RS resource design
Proposal 5: Designing CSI-RS ports across multiple slots needs to be avoided.
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