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1 Introduction
In RAN WG1 meeting #88 [1] the following agreements were made with respect to the CSI-RS support for NR:
	Agreements:
· The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns where
· A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain
· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z
· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 
· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns
· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain
· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth
· At least the following numbers of OFDM symbols for a CSI-RS resource are supported
· N = {1, 2, 4}
· FFS, other value(s) of N
· The N OFDM symbols can be adjacent/non-adjacent
· FFS, down-selection on adjacent/non-adjacent OFDM symbols
· OFDM symbol(s) can be configured to contain CSI-RS only
· FFS: the applicability of above proposals for beam management (e.g., for beam sweeping, for generation of sub-time units)
· FFS on the following aspects:
· Location of N OFDM symbols within a slot
· Replication of RE pattern across the N OFDM symbols
· Supported CDM values
· Exact port number assignment to CSI-RS RE pattern, considering at least CDM of ports and relationship of port numbers to dual polarized antenna elements
· Support for densities D > 1 RE/port/PRB
· Mapping of other physical channels and/or reference signals within the same OFDM symbol(s) as CSI-RS




In this contribution we provide our views on RE pattern, aggregation and CDM of CSI-RS resource for CSI acquisition in NR.


2. Discussion
In meeting #88 [1], it was agreed that the RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns. A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain. The number of sets (Y, Z) and the actual values were for FFS. Next, we provide our view on the choice of (Y, Z).

2.1 Component CSI-RS RE pattern
[bookmark: _GoBack]In LTE the length OCC spreading applied for the 4-port CDM 4 CSI-RS resource is not identical to the CDM-4 OCC spreading used in an 8-port resource. Hence, aggregation of two 4-port resources is not equivalent to an 8-port resource. This further complicated the design for supporting higher number of ports, e.g., 28 ports, using aggregation as well as port sharing. Hence, in NR to achieve a more uniform and non-conflicting X-port CSI-RS resource, while at the same time keeping the signalling overhead low, we define limited number of component CSI-RS RE patterns with the support for higher number of ports achieved via aggregation. In Fig-1, we show an example of one component CSI-RS RE pattern for each of the 2, 4 and 8 REs. 
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Figure-1
Proposal 1: Support one component CSI-RS RE pattern consisting of Y adjacent REs in the frequency domain and Z adjacent REs in the time domain, within a single PRB, for each of the 2,4 and 8 port CSI-RS resources, i.e., support (Y, Z) = { (2,1), (2,2), (2,4) }.


In the case when the N OFDM symbols used for CSI-RS resource span non-contiguous 4 port and 8 port CSI-RS resource can be supported using aggregation. In Fig-2, we show some examples, where 4-port and 8-port CSI-RS resources are constructed using aggregation of one or more component RE patterns. 

[image: ][image: ]
Figure-2

Proposal 2: CDM 2, 4 and 8 with full power utilization is supported.
Proposal 3: CDM within and across multiple component CSI-RS RE patterns is supported.   
Both the options of mapping CSI-RS symbols in sub-frame, i.e., early part of later part of the sub-frame, can be considered in order to have flexibility in terms of non-colliding reuse factor for CSI-RS transmission between neighbouring cells/TRPs.
Proposal 4: CSI-RS is mapped in one or multiple OFDM symbols at the earlier or later part of the configured sub-frame, depending on the use case.
3. Conclusion
To summarize, in this contribution we made the following proposals regarding the CSI-RS for CSI acquisition:
Proposal 1: Support one component CSI-RS RE pattern consisting of Y adjacent REs in the frequency domain and Z adjacent REs in the time domain, within a single PRB, for each of the 2,4 and 8 port CSI-RS resources, i.e., support (Y, Z) = { (2,1), (2,2), (2,4) }.
Proposal 2: CDM 2, 4 and 8 with full power utilization is supported.
Proposal 3: CDM within and across multiple component CSI-RS RE patterns is supported.   
Proposal 4: CSI-RS is mapped in one or multiple OFDM symbols at the earlier or later part of the configured sub-frame, depending on the use case.
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4-port CSI-RS resurce using aggregation
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8-port CSI-RS resurce using aggregation


