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1
Introduction
In RAN1 #86bis meeting, there are some agreements on CSI-RS functionality and configuration. For CSI-RS functionality, it is supported as 

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement 

In case of CSI-RS configuration, the following features are considered to support:  
· Support NR CSI-RS pattern with at least the following properties: 

· CSI-RS mapped in one or multiple [consecutive] symbols

· FFS: At least CSI-RS located at the earlier part of a slot in some cases
· FFS: before or after the DM-RS agreed to study in RAN1#85
· FFS: CSI-RS located at other part of a slot

· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner

· Working assumption: CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook
· Support at least following configurations of NR CSI-RS

· UE-specific configuration to support

· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs
In this contribution, we will present detailed views about CSI-RS functionality and CSI-RS configuration. 
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CSI-RS functionality discussion   
The first functionality of CSI-RS should be severing as the CSI acquisition, including channel information and interference information estimation. Considering UE distribution and channel environment variation, UE specific configuration is preferred for its flexibility. Moreover, UE specific CSI-RS is quite fit to beamforming usage and CSI-RS pooling. If un-precoded CSI-RS is considered to support in new radio system, it still can be assumed as one special beamforming way, where the beam is one sector specific beam. Actually beside the CSI acquisition, beam refinement can be also implemented by CSI-RS, where one special CSI-RS is used to carry instant beam adjustment and customization.
In LTE Rel-12, CSI-RS based RSRP has been supported, in small cell deployment, CSI-RS identity can be configured with small cell specific, so RRM measurement based on CSI-RS can be used to discover small cell presence. However, it was only used in connected mode, for IDLE mode, it is hard to use due to the absence with system information broadcasting. In new radio, it is not clear if this kind of CSI-RS can be extended to IDLE mode or beam specific reference signal need to be used instead. But at least CSI-RS based RRM measurement in connected could be one reasonable choice. In another aspect, since CSI-RS has been agreed to support beam management, if configuring one set of CSI-RS resource, where each port is corresponding to one beam direction, then this kind of CSI-RS can be used for beam selection and RRM measurement both. In order to keep good monitoring to channel quality, periodic configuration should be enabled. Moreover, since RRM measurement and beam selection are somehow serving multiple UEs simultaneously, one common configuration could be desired even within one cell. 

Based on above analysis, we propose 

Proposal 1: Support at least two types of CSI-RS:
Type I CSI-RS, to carry the functionality of beam selection and RRM measurement in connected mode with periodic configuration.  
Type II CSI-RS, to support instant CSI measurement and possible beam refinement, with UE specific configuration by on demand.
3
CSI-RS configuration     
Since CSI-RS has different functionalities, it is possible to have different CSI-RS patterns to support them. In case of beam sweeping, especially for analogy beam, multiple symbols location could be considered. If taking into FDM for multiple TXRUs simultaneous transmission, for one single OFDM symbol, multiple beam transmission is possible, so configurable symbol number should be considered to support beam sweeping. In case of digital beam sweeping, it is natural to support it with single OFDM symbol. For analog beam sweeping, since it is hard to multiplex the data channel with CSI-RS with FDM way, necessary restriction is needed to control overhead of beam sweeping.     

Proposal 2: Support configurable OFDM symbol number for CSI-RS based beam sweeping 
· Using different TXRU to send different beam directional CSI-RS with FDM 
For CSI-RS configuration, NZP-CSI-RS is used to measure channel information of targeted user, and ZP-CSI-RS is used to measure interference. For channel measurement, it is better to accommodate all CSI-RSs in limited OFDM symbols within one subframe. For ZP-CSI-RS, since its main functionality is to measure interference, it should be allowed that ZP-CSI-RS have different pattern than NZP-CSI-RS. For example, one flexible ZP CSI-RS configuration could allow the overlap of ZP CSI-RS with DMRS, allowing the estimation of the interferer equivalent channel. 
Proposal 3: Support various CSI-RS patterns for CSI acquisition for ZP-CSI-RS and NZP-CSI-RS
· For NZP-CSI-RS, it is better to locate in limited OFDM symbols within one subframe 
· For ZP-CSI-RS, it should support flexible RE location configuration and multiple patterns within one subframe to facilitate interference measurement, including the overlap of ZP CSI-RS with DMRS pattern. 
In RAN1 #86bis meeting, there is one agreement to support partial-band CSI-RS. For larger bandwidth deployment, enabling UE only to monitor partial-band is beneficial for overhead and energy saving. It is one optimization for full bandwidth CSI-RS transmission. In order to support different traffics requirement and bandwidth configuration, as one smoothly moving forward, it is desired to configure one wideband sparse CSI-RS and one dense narrow band CSI-RS to one UE. Then different accuracy of CSI information can provide more flexibility to gNB scheduling.  
Moreover, there are some special cases needed to be addressed:  
Case 1: when UE mobility is changed rapidly, one single CSI-RS period can’t follow the channel variation.
Case 2: when one CSI-RS period is configured, but the new traffic needs to more dense CSI-RS distribution. 

For case 1, when UE is being in varied mobility status, if one single CSI-RS period is configured, UE may not follow real channel or interference variation. In this case, it should allow base station configure one additional CSI-RS resource with different time period to follow real-time channel change. In order to save the overhead, subband specific CSI-RS configuration is preferred. Then different subband configuration would have different CSI-RS density. For case 2, because different services may have different BLER requirement, so it is desired to configure multiple subband specific CSI-RS resource for one UE, then different traffic can be scheduled in different subbands.

From the signaling point of view, actually in LTE stage it could have been supported. If one UE is configured with multiple CSI-RS processes, then in each CSI-RS process, CSI-RS density is independent. Hence, one small increment is to allow different CSI-RS resource to occupy different subbands since in LTE one CSI-RS resource is full bandwidth configured.          

Though different CSI-RS time period is one main application method for subband specific CSI-RS configuration. Actually it is natural to extend different frequency density to measure CSI. Then it is possible to configure different CSI-RS pattern for different subbands.
Proposal 4: consider to support multiple CSI-RS resources configuration for one UE, where different CSI-RS resource has different CSI-RS granularity and different bandwidth configuration. 
4
Conclusion
In this contribution, CSI-RS types and CSI-RS configuration have been analysed. In sum, we have the following proposal for CSI-RS design:

Proposal 1: Support at least two types of CSI-RS:
Type I CSI-RS, to carry the functionality of beam selection and RRM measurement in connected mode with periodic configuration.  
Type II CSI-RS, to support instant CSI measurement and possible beam refinement, with UE specific configuration by on demand. 
Proposal 2: Support configurable OFDM symbol number for CSI-RS based beam sweeping 
· Using different TXRU to send different beam directional CSI-RS with FDM 
Proposal 3: Support various CSI-RS patterns for CSI acquisition for ZP-CSI-RS and NZP-CSI-RS
· For NZP-CSI-RS, it is better to locate in limited OFDM symbols within one subframe 
· For ZP-CSI-RS, it should support flexible RE location configuration and multiple patterns within one subframe to facilitate interference measurement, including the overlap of ZP CSI-RS with DMRS pattern. 
Proposal 4: consider to support multiple CSI-RS resources configuration for one UE, where different CSI-RS resource has different CSI-RS granularity and different bandwidth configuration. 
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