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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 # AH1_NR the following agreement was reached. 
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 addition the following agreements were made for CSI-RS beam management
Agreements:
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:
· Opt1. IFDMA
· Opt2. Larger subcarrier spacing
· Other solutions are not precluded
· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.
· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.
· Note that it does not imply prioritizing different aspects in CSI-RS design

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

[bookmark: _Ref378529477]NR CSI-RS Configuration Aspects for Transmission Scheme 2
In our view, RAN1 focussed CSI-RS design mainly for Transmission scheme. However, we need to consider transmission scheme 2 also when designing CSI-RS design. For example with RB level cyclic precoding, it is beneficial to have multiple CSI-RS processes with different cyclic precoders. In this case, we envision, RAN1 should support CSI-RS belongs to different CSI processes configured are over different RBs.  With the above configuration, we can improve the performance of RB level cyclic precoding when few RBs are allocated for data transmission.  Hence we propose
Proposal 3: CSI-RS belonging to different CSI processes can be configured in different RBs
Symmetric Design between CSI-RS and SRS
Symmetric design is an important feature which is useful to multiple use cases including dynamic TDD and Integrated Access and Backhaul. In particular, symmetric design on RS can make the channel estimation (either for feedback or demodulation) more robust to the situation where downlink and uplink transmission are mixed together. Symmetric DMRS has been agreed to provide orthogonal DMRS between downlink and uplink thus there is possibility to make the channel estimation interference “free” from opposite direction links. Similar design should be considered for the channel estimation for CSI acquisition, CSI-RS (used for downlink CSI) and SRS (used for uplink CSI) should be designed in a symmetric way. 
To further explain what means symmetric design, some people may understand it as the same design for CSI-RS and SRS. While such design is very good for cross-link interference mitigation, it also ignored the difference between downlink and uplink, e.g. downlink normally has more antennas ports than uplink. In our view, symmetric design doesn’t necessarily mean exactly same design in uplink and downlink, as far as CSI-RS and SRS can be configured to be orthogonal to each other, then we consider their design are symmetric. 
Proposal 4: CSI-RS and SRS design should be symmetric, which means CSI-RS and SRS can be configured to be orthogonal to each other


[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
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

Proposal 3: RAN1 specification should support configuring multiple CSI-RS processes where the CSI-RS can be allocated in different RBs for Transmission scheme 2
[bookmark: _GoBack]Proposal 4: CSI-RS and SRS design should be symmetric, which means CSI-RS and SRS can be configured to be orthogonal to each other
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