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Introduction
CSI-RS has been agreed to be used for at least 3 purposes: for mobility, beam management and CSI acquisition. In principle, it should be the same CSI-RS for different purpose, however, different A.I. has agreed on different design principle on CSI-RS. In this paper, we summarized the agreement mobility, beam management and CSI acquisition A.I. regarding CSI-RS design focusing on the agreements which lead different CSI-RS design. 

On the numerology of CSI-RS
The numerology of CSI-RS for beam management has been agreed to be “no larger” than data numerology. On the other hand, in L3 mobility discussion, the CSI-RS for mobility can be configured to be of the same numerology as SS-block or data. That is to say: the CSI-RS for mobility can be configured using a different numerology than data (same numerology as SS-block) while the CSI-RS for beam management must be of the same numerology as data. In another word, the CSI-RS for mobility can’t be reused for beam management purpose. 

Observation-1: the CSI-RS for mobility can be configured with a higher numerology that data, in that case, the CSI-RS can’t be used for beam management. 

Agreements:
· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15 

Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties

On the density of CSI-RS
The density of CSI-RS is a fundamental part of the design. Although it still TBD, but the trend seems to be allow higher density {1, 2, 3, 4, 6} per port for CSI-RS for beam management. On the other hand, the CSI-RS for CSI acquisition can’t have too high density per port, current agreement is 1RE/port for 2Tx and possibly >1 for 1Tx. In the end, the CSI-RS for beam management and CSI acquisition might result in different density. 
Observation-2: the density of CSI-RS for beam management and CSI acquisition might be different. 
Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”

Agreements:
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	1
	>1, 1 
	1
	N.A.
	No CDM
	

	2
	1
	1
	(2,1)
	FD-CDM2
	

	4
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	16
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	32
	1, ½
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	FFS, CDM8 details



· Note: 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 (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table

Conclusion
In this paper, we give our concerns on the potential misalignment on CSI-RS designed for different purposes. Specifically, we have the following observations:
Observation-1: the CSI-RS for mobility can be configured with a higher numerology that data, in that case, the CSI-RS can’t be used for beam management. 
Observation-2: the density of CSI-RS for beam management and CSI acquisition might be different. 
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