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1. Introduction
Started with the discussion on PAPR reduction, in RAN1 NR ad-hoc January 2018, we made working assumption that RE/subcarrier index specific CSI-RS sequence mapping is supported for CSI-RS at least with density 1 and 3. In RAN1 92, the working assumption is confirmed. 
Confirmed working assumption for density =1, 3
7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 





under the condition that the resource elements indexed by are within the resource blocks occupied by the CSI-RS for which the UE is configured. The reference point for  is subcarrier 0 in common resource block 0. The value of  is given by the higher-layer parameter CSI-RS-Density.
 In this contribution, we discuss on sequence generation of CSI-RS for density 1/2. 
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Considering that CSI-RS would be used for various operations, e.g., mobility measurement, beam measurement, DL CSI acquisition and channel tracking, NR allows large amount of CSI-RS resources to be configured for each UE. If gNB should perform separate transmission of CSI-RS for each of UE specific CSI-RS configuration, gNB would be polluted by the transmission of CSI-RS. 
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<Figure 1. Example of m` value on each RE for CSI-RS resource >


As solution for CSI-RS transmission overhead reduction, current agreement supports limited capability of CSI-RS resource sharing among multiple configurations. For example, for CSI-RS resource configurations with the same  values, if each configuration has the same density and antenna ports, since CSI-RS sequence is resource specific, these CSI-RS configurations could be mapped on the same physical resources via the sequence truncated from one base sequence. Figure 1 is a simple example for CSI-RS resource configured with 1 PRB offset on frequency domain.
For CSI-RS resource with more than 1 antenna ports, since length 2 sub sequences are repeated within each PRB as shown in figure 1, more flexible CSI-RS resource sharing is also possible among multiple CSI-RS resource configurations. Figure 2 is another example for supported/limited case of CSI-RS resource configuration could be mapped on the same physical resource. As shown in figure 2, for density =1 and for X= 4, 8, the same sequence would be mapped on the overlapped REs of CSI-RS configurations, thus, gNB has a flexibility whether to utilize resource sharing or to support larger power boosting for X=8. 

Observation 1: CSI-RS configurations overlapped on time/frequency resource could be mapped on the same transmission of CSI-RS, if the density and number of antenna ports are the same
Observation 2: When dedicated power boosting according to number of antenna ports is not needed, CSI-RS resource configurations with different number of antenna ports larger than 1 could be mapped on the same transmission of CSI-RS.
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<Figure 2. Example of m` value on each RE for CSI-RS resource configure with different APs/density >

Though current agreements support physical resources to be share among multiple CSI-RS resource configuration in some cases, more cases would be needed to be supported with resource sharing. During the discussion of CSI-RS bandwidth and density, to guarantee the accuracy of RSRP measurement, multiple companies have shown their concern that high enough density should be supported for CSI-RS resources configured on narrow bandwidth, while less density would be sufficient for wide band CSI-RS resource. The same concept would also work for CSI-RS for CSI acquisition, and configuration of different density CSI-RS on different bandwidth with large amount of antenna ports (for CSI acquisition) has been suggested [2]. 

Observation 3: Several observations were shared by multiple companies that CSI-RS with different density would be beneficial for the CSI-RS with different bandwidth configurations.

Considering that low density CSI-RS would be used for large number of antenna ports and would be mapped on wideband, the reason seems unclear why CSI-RS resource sharing should not be supported for CSI-RS configurations with density 1 and 1/2. However, it should be carefully checked whether there would be any sever issues on implementation to support resource share among different density CSI-RS. 

Proposal: If no severe issues are reported, NR supports CSI-RS resource with density 1/2 to be overlapped with CSI-RS with density 1, for CSI-RS resource with more than 1 antenna port. 
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<Figure 3. Example of m` values on CSI-RS resource with density 1 & 1/2>

3. Conclusions
In this contribution, we discussed on the capability of resource sharing for CSI-RS configuration which current agreements can support, and discussed whether better capability would be needed. 
Observation 1: CSI-RS configurations overlapped on time/frequency resource could be mapped on the same transmission of CSI-RS, if the density and number of antenna ports are the same
Observation 2: When dedicated power boosting according to number of antenna ports is not needed, CSI-RS resource configurations with different number of antenna ports larger than 1 could be mapped on the same transmission of CSI-RS.
Observation 3: Several observations were shared by multiple companies that CSI-RS with different density would be beneficial for the CSI-RS with different bandwidth configurations.

According to observation 3, we suggest resource sharing among CSI-RS with density 1 and density 1/2, and it should be considered on the sequence generation of CSI-RS 
Proposal: If no severe issues are reported, NR supports CSI-RS resource with density 1/2 to be overlapped with CSI-RS with density 1 for CSI-RS resource with more than 1 antenna port. 
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<CSI-RS resource configuration starts on common PRB >
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<CSI-RS resource configuration starts on common PRB+1 >
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