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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #89, the following agreements were reached. 
Agreements:
· At least for CSI acquisition, for N=2 OFDM symbols, support adjacent OFDM symbols for one CSI-RS resource
· For N=4 OFDM symbols, down-selection between 2 and 4 for the minimum number of adjacent OFDM symbols for one CSI-RS resource
· At least for CSI acquisition, for N=2 OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 
· FFS: For N=4 OFDM symbols, the RE mapping pattern of one CSI-RS resource
· Support at least OCC as one type of CDM sequence 
· FFS: CDM of CSI-RS antenna ports on an RE-level comb based on phase rotation (cyclic shift) sequences
· Support at least CDM 8 for an X-port CSI-RS resource at least when X=32 
· FFS:  Support for other pairings of CDM value and number of ports X 
· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB
· FFS: Support for D > 1 for other values of X
· Note: For X = 1, CDM code value(s) assumed to be 1
· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports,
· For N=1 OFDM symbol, support X=8, 12 ports
· For N=2 OFDM symbols, support X= 8, 12, 16ports
· FFS the case of X=24
· For N=4 OFDM symbols, support at least X=32 ports
· FFS the case of X=8/16/24
· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports, at least the following option is supported:
· For N=1 OFDM symbol, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· For N=2 OFDM symbols, support [2 or 4 ] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· For N=4 OFDM symbols, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· FFS whether or not to support other options such as CDM CSI-RS antenna ports on a RE level comb based on phase rotation [cyclic shifts/sequences] including D=1 and D≠1

· For CDM pattern(s) per X port CSI-RS for CSI acquisition 
· For X=2 with CSI-RS RE pattern (M,N)=(2,1), 
· FFS support no CDM 
· Support FD-CDM2
· For X=4 with CSI-RS RE pattern (M,N)=(4,1)
· FSS support no CDM
· Support FD-CDM2
· FFS CDM4
· For X=4 with CSI-RS RE pattern (M,N)=(2,2)
· FFS support no CDM
· Support FD-CDM2
· FFS support TD-CDM2
· FFS CDM4

However, still it is not clear what would be the numerology of CSI-RS when multiple numerologies are deployed in one OFDM carrier.  In this contribution, we describe the design options for CSI-RS when multiple numerologies are supported. 
NR CSI-RS Design for Mixed Numerology
As agreed in RAN1#86b the CSI-RS configuration including the numerology can be UE specific. For that there can be two possible options on deciding the numerology of the CSI-RS:
· Design Option 1: CSI-RS is always transmitted using a reference numerology. In this option irrespective of what numerology the UE is configured for PDSCH, it uses a reference numerology for CSI-RS. Since CSI-RS and PDSCH can often be in the same symbol this implies that the UE needs to be capable of receiving multiple numerologies in the same OFDM symbol. This might imply that the UE has to have two or more FFT engines in order to simultaneously demodulate PDSCH and perform CSI estimation based on the CSI-RS
· Design Option 2: CSI-RS is always transmitted with the same numerology as the PDSCH for the given UE. This makes it easier for the UE to simultaneously demodulate the PDSCH as well as perform CSI estimation using a single FFT.

It is very crucial to note that no matter which option is used the CSI-RS and PDSCH can be transmitted in different parts of the system bandwidth. So for example if the CSI-RS is wideband then is it likely that the UE specific CSI-RS will be transmitted in the region that is being used to transmit the PDSCH of a different UE possibly with a different numerology. So the possibility of CSI-RS and PDSCH being transmitted with different numerology in the same resource block is a possibility with both the cases.
As mentioned in Design option 1, two or more FFT engines for simplicity reasons, we prefer Design Option 2, i.e. CSI-RS is transmitted with the same numerology as that of PDSCH for a given UE. 
Proposal 1: CSI-RS is always transmitted with the same numerology as the PDSCH of the UE
NR CSI-RS and PDSCH Multiplexing
Shown in Figure 3‑1 are some of the cases that we might encounter while supporting UE specific wideband CSI-RS in a mixed numerology scenario. We see from these figures that no matter which option is chosen for the CSI-RS numerology we will always have the case where the CSI-RS numerology and the underlying PDSCH numerology are different (note that the PDSCH and CSI-RS belong to two different UEs).
As mentioned before for a mixed numerology case the REs between the separate numerology are inherently non orthogonal so we propose having two kind of RE sharing mechanism between the CSI-RS and the underlying PDSCH
· Case 1: The underlying PDSCH is rate matched around the CSI-RS. 
· Case 2: The underlying PDSCH us not rate matched around the CSI-RS. 
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[bookmark: _Ref465887384]Figure 3‑1 PDSCH and CSI-RS RE Mapping for 15KHz CSI-RS (left) and 60KHz CSI-RS (right)
Case 1: CSI-RS Resource Mapping for Case 1 (PDSCH Rate Matched)
In this case, the PDSCH is rate matched around the CSI-RS resources. For example, consider the scenario of 15 and 60 KHZ mixing.   So if the CSI-RS was transmitted with a 60 KHz subcarrier spacing and with say 2x2 resource elements (2 subcarriers and 2 symbols). Then for the PDSCH transmission belonging to 15 KHz subcarrier spacing, we need to rate match around 8 subcarriers and ½ a symbol. Similarly if the CSI-RS was being transmitted 15 KHz sub carrier spacing with 2x2 resource element (2 subcarrier and 2 symbols) then for a  PDSCH transmission of 60 KHZ spacing, we need to rate match around ½ subcarrier and 8 OFDM symbols. Clearly ½ symbol or ½ subcarrier rate matching is not possible so this means that in a mix numerology the rate matching can be in-efficient. Also this design is not forward compatible since it a new numerology is introduced in the future the legacy devices will not be able to rate match around this unknown numerology.
Case 2: CSI-RS Resource Mapping for Case 2 (PDSCH not rate matched and super-imposed with CSI-RS)
In this case, the PDSCH is not rate matched. Hence, the PDSCH is transmitted is multiplexed by super-imposing it with the CSI-RS of the other numerology. As an example consider the scenario of 15 and 60 KHZ mixing.  Say 2x2 resource elements are allocated for CSI-RS transmission. Then for the PDSCH transmission for 65 KHz sub carrier spacing, we can multiplex 4*(60/15) = 16 resource elements.  Hence we can expect significant gain when we go for higher numerology with the proposed scheme. Note that the above scheme assumes that the underlying receiver will cancel the CSI-RS interference due to 15 KHz spacing carrier.  
Proposal 2: The standard should allow the following RE sharing mechanisms
· PDSCH rate matching around CSI-RS of the other numerology
· Superimpose PDSCH of one numerology with CSI-RS of the other numerology
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In this contribution we analysed the CSI-RS design options with mixed numerologies. Based on our observations, we propose
Proposal 1: CSI-RS is always transmitted with the same numerology as the PDSCH of the UE

Proposal 2: The standard should allow the following RE sharing mechanisms
· PDSCH rate matching around CSI-RS of the other numerology
· Superimpose PDSCH of one numerology with CSI-RS of the other numerology
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