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1 Introduction

At RAN1#87 meeting [1], it was agreed to support UE specific RRC configuration of one or more CSI-RS resource sets and dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users. Following aspects were also agreed to further study.
· Further study at least the following aspects: 
· FFS QCL aspects 
· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc. 
· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs 
· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI 
· Study the following aspects 
· Signaling mechanism for dynamic allocation/de-allocation 
· e.g. via MAC CE or L1 control signaling, via hierarchical control signaling with MAC-CE and DCI 
· De-allocation may or may not be dynamically signaled at a later point in time 
· Signaling mechanism for slot configuration (i.e., periodicity, subframe offset like in LTE) 
· Signaling format for dynamic indication of CSI-RS resource(s) 
· Signaling overhead reduction approaches 
· e.g., structured groupings of CSI-RS resources and/or allocation scheme utilizing a combination of RRC configuration and dynamic signaling 
· Methods to support resources of variable number of ports 
· e.g. Aggregation of resources of a smaller number of ports 
· Note: CSI-RS can be NZP 
· FFS: ZP 
In this contribution, we discuss the use cases and the corresponding mechanisms of CSI-RS sharing, e.g. amongst users, between beam management and CSI acquisition, and for coordinated transmission. 
2 Shared CSI-RS amongst Users  
In LTE/LTE-A, the CSI-RS resources are configured through RRC signalling, which limits the flexibility in sharing resources among users. Besides, in the scenarios with beamformed CSI-RS and a large number of active users, if different users occupy different CSI-RS REs, considerable CSI-RS overhead will be introduced. To resolve these issues, a more dynamic approach allowing CSI-RS resources to be flexibly shared among users have been agreed in NR [1].
From the network perspective, CSI-RS could be UE-dedicated, UE-group shared, or hyper-cell based [2]. The UE-group shared approach is a generalized one supporting several sets of CSI-RS resources; each is shared by a group of users. The UE-dedicated approach can be viewed as one special case of the shared approach, when only one user included in a UE group. And hyper-cell based approach is another special case, in which only one group of users exist in a hyper cell.
In the UE-group shared approach, a group of users residing in the same vicinity with the same or overlapping TRP cluster (or travelling together) share the same set of CSI-RS resources semi-statically configured. The CSI-RS resources within the set can be dynamically selected and allocated to each user in the same group. As the user moves away and its TRP cluster evolves away from the rest of the users sharing the same set of CSI-RS resources, it may need to be assigned to a different set of CSI-RS resources. Therefore, to allow fast switching between different CSI-RS sets, more than one set of CSI-RS resources have been agreed to be semi-statically configured for a user through RRC signalling. 
In RAN1#87, a CSI acquisition framework has also been agreed, by which a CSI measurement setting is composed of CSI reporting setting(s), RS setting(s), IM setting(s). In an RS setting, one or more RS resource sets can be configured. To support the shared approach discussed above, two configuration methods of multiple CSI-RS resource sets can be considered. One is to have multiple CSI-RS resource sets within one RS setting, each set corresponding to a TRP cluster. In the other method, multiple RS settings should be configured per UE, each with only one CSI-RS resource set associated to one TRP cluster. 
The switching to the CSI-RS resource set within the same or a different RS setting is not necessarily as fast as CSI-RS resource selection inside a set, so that it is proposed to be indicated through MAC CE signalling. CSI-RS resource selection within the selected set can be dynamically signaled through either MAC CE or DCI. The users sharing the same set of CSI-RS resources may be dynamically allocated with some common CSI-RS resources. To save the signaling overhead of resource indication, a DCI signaling on the common resources can be considered in the common search space of control channel. 
Proposal 1: Support MAC CE signaling on the selection of CSI-RS resource set, from which the CSI-RS resource(s) can be further down-selected by MAC CE or DCI signaling.
3 Shared CSI-RS between Beam Management and CSI Acquisition
In RAN1#86bis, CSI-RS has been agreed to support both beam management and CSI acquisition in NR [3]. The feedback contents to be supported in beam measurement depend on the functionalities of beam management to be supported in NR. One functionality could be assisting beam measurement or tracking within a cell, for which the preferred index(es) of RS resource(s)/port(s), each transmitted with one or more dedicated beams, is reported together with the received signal power on the selected beam(s). Another functionality of beam management should be supported is link adaptation for beam based data transmission, which requires the feedback of the RS resource/port index(es) and CSI (e.g. RI/CQI) corresponding to the preferred beam(s). For Rel-13 class B based CSI acquisition, when K>1 CSI-RS resources are configured, each resource corresponding to a group of beams, UE selects the one with preferred beams based on the measurement on these CSI-RS resources, feeds back the resource index and the corresponding CSI (e.g. RI/PMI/CQI). Similar procedure as class B can be considered for DL beam management to measure the preferred beam(s) and the corresponding CSI (e.g. RI/CQI). In this case, beam measurement for data transmission can be included as a part of CSI acquisition framework.
To encompass beam management within the CSI acquisition framework, appropriate configuration on CSI reporting setting, RS setting, IM setting and CSI measurement setting should take beam management related properties into consideration. For example, in CSI reporting setting, the beam-related feedback can be added as one type of CSI parameter. In terms of CSI-RS design, a unified CSI-RS pattern with a modularized structure is proposed [4] to support both beam management and CSI acquisition, by the aggregation of a flexible number of basic CSI-RS sub-patterns. The basic CSI-RS sub-pattern is composed of one OFDM symbol and supports up to 8 ports. Each 2/4-port or low-density 8-port CSI-RS resource is confined within one symbol. The CSI-RS used for both functionalities can be configured by one or multiple CSI-RS resources. For example, one aperiodic or semi-persistent CSI-RS resource can be dynamically triggered for either CSI acquisition or beam management. Therefore, CSI-RS can be shared between the two functionalities. The unshared CSI-RS resources can be configured in separate RS settings. However, the shared CSI-RS resources can be configured in the same RS setting, linked to separate CSI reporting settings for different functionalities. 
Proposal 2: CSI-RS resources can be shared between beam management and CSI acquisition, with the shared resources configured in the same RS setting.
4 Shared CSI-RS for Coordination Transmission
If multiple TRPs share a CSI-RS resource in coordinated transmission schemes, a possible approach is that the ports assigned for this CSI-RS resource can be used for multiple TRPs. Ports in a CSI-RS resource can be divided into multiple port sets, and each set corresponds to one TRP. The port sets may have different QCL, causing multiple QCL may be configured in one NZP CSI-RS resource. QCL may also be reflected between multiple NZP CSI-RS resources, especially when the resources are from differentTRP. If the resources are from different TRP, each CSI-RS resource may have different QCL feature from  another CSI-RS resource. However, if the resources are from the same TRP, the resources may have same QCL  so that a common QCL among these CSI-RS resources can be assumed
Proposal 3: Multiple QCL assumptions within a NZP CSI-RS resource and common QCL assumption among two or more resources should be supported.       
NZP CSI-RS can be used for channel measurement, as well as for interference measurement. The advantage of using NZP CSI-RS to measure interference is that different precoding matrices can result in different interference measurement results and NZP CSI-RS resource allows the UE to choose a precoding matrix after a channel matrix is measured by the NZP CSI-RS resource. In this way, interferences can be measured by one NZP CSI-RS resource when the precoding matrix varies, so as to obtain different interference measurement results such as the strongest or weakest interference. On one hand, one NZP CSI-RS resource can be shared by multiple reports for a given UE. Desired measurement over an NZP CSI-RS resource can be either a channel measurement for one CSI report, or interference measurement for another CSI report. Measurement over an NZP CSI-RS resource gives one channel matrix and one precoding matrix (assuming the strongest beam to a target UE, thus only one preoding matrix is chosen for the beam). The channel matrix and the precoding matrix can be treated as channel measurement in one CSI report. While both of them can be treated as interference measurement in another CSI report, without another repeated measurement over the same NZP CSI-RS resource. Reusing the measurement result would save repeated measurement, but it would derive more than one CQI with the same resources in a same CSI measurement setting. In this case, whether the measurement over one CSI-RS resource is for channel or for interference requires an indication so as to derive two or more CSIs. On the other hand, many NZP CSI-RS resources can be used to derive a single CSI. CQI calculation shall be configured with a proper linkage for which NZP CSI-RS resource is for channel measurement, and which NZP CSI-RS resource is for interference measurement. 
Current CSI measurement setting differentiates RS and IM measurement by separate settings and each CSI measurement setting corresponds to one interference hypothesis, thus one CQI. However, multiple CQIs to assist scheduling are preferred in coordinated transmission schemes.  A CSI measurement setting includes more than one interference hypotheses considering possible combinations of NZP CSI-RS resources in order to derive more than one CSI reports. 
Proposal 4: More than one interference hypotheses can be included in one CSI measurement setting in order to support coordinated transmission schemes. 
5 Conclusion

In this contribution, we discuss the mechanism and configuration of shared CSI-RS in various use cases. In summary, the following proposals are made.
Proposal 1: Support MAC CE signaling on the selection of CSI-RS resource set, from which the CSI-RS resource(s) can be further down-selected by MAC CE or DCI signaling.
Proposal 2: CSI-RS resources can be shared between beam management and CSI acquisition, with the shared resources configured in the same RS setting.
Proposal 3: Multiple QCL assumptions within a NZP CSI-RS resource and common QCL assumption among two or more resources should be supported.
Proposal 4: More than one interference hypotheses can be included in one CSI measurement setting in order to support coordinated transmission schemes. 
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