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1. Introduction
In RAN1#NR-AdHoc meeting, WFs on the CSI-RS design for NR [1] was discussed and agreed as follows:
	Agreements:
· The CSI-RS RE mapping pattern of one N-port CSI-RS resource is composed of one or multiple CSI-RS RE mapping patterns of CSI-RS resources of equal or smaller number of ports, [e.g., 2, 4, or 8]
· A CSI-RS RE mapping  pattern is defined within a slot
· FFS: A CSI-RS RE mapping  pattern can span multiple configurable consecutive/non-consecutive OFDM symbols 
· FFS on mapping of ports to the CSI-RS RE mapping pattern
· Density per port in terms of RE per port per PRB is configurable supports for density greater than 1 is not precluded



In this contribution, we discuss the views on CSI-RS design for CSI acquisition 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 resource settings 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.

It was agreed in RAN1#NR-AdHoc that the CSI-RS RE mapping pattern of one N-port CSI-RS resource is composed of one or multiple CSI-RS RE mapping patterns of CSI-RS resources of M ports, e.g., M = 2, 4, or 8. In this case, length-L CDM can be considered for L ports CSI-RS resource mapping pattern for L<=M within M-port CSI-RS pattern, or L>M for CDM over a CSI-RS resource which is an aggregation of multiple M-port CSI-RS patterns. Considering the power balancing among different CSI-RS ports and the 6dB RAN4 limitation on CSI-RS RE power boosting, length-4 and length-8 CDM needs to be supported for CSI-RS with the port number larger than 8 for NR MIMO. For example, considering the 12 port CSI-RS case, length-2 CDM can only provide 3dB CDM gain, which results in 9dB maximum power utilization considering RAN4 6dB CSI-RS power boosting limit. However, length-4 CDM can provide 6dB CDM gain, results in 12dB full-power utilization with 6dB CSI-RS power boosting limit. Therefore, length-2, -4 and -8 CDM may be beneficial for the CSI-RS with the port number larger than 8.
Proposal 3: Consider CDM-2, -4, and -8 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. For NR MIMO, 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 1. 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. In this case, length of CDM-F can be limited for the full power utilization explained above, and joint use of CDM-T and CDM-F (i.e. CDM-TF) can be also considered.
Proposal 4: Consider CDM-T, CDM-F, and CDM-TF 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: Consider CDM-2, -4, and -8 for NR CSI-RS resource design.
Proposal 4: Consider CDM-T, CDM-F, and CDM-TF for NR CSI-RS resource design
Proposal 5: Designing CSI-RS ports across multiple slots needs to be avoided.
[bookmark: _GoBack]___________________________________________________________________
Reference
[1] R1-1701402, WF on CSI-RS design principle, LG Electronics, Ericsson
image1.emf
f f

t t

(a) CDM-F (b) CDM-T


