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1. Introduction

In the RAN1 #82bis meeting, CSI reporting enhancements for class B were agreed [1]. Class B can be categorized into CSI reporting with K>1 and CSI reporting with K=1, which represent cell-specific scenario and UE-specific scenario, respectively. This contribution proposes an aperiodic CSI-RS resource configuration for class B CSI reporting with K=1.

2. Aperiodic CSI-RS Resource Configuration for Class B CSI Reporting with K=1
To enable operation scenario of class B CSI reporting with K=1, some information at eNB such as beam direction(s) per UE should be necessary. This can be acquired by utilizing either long-term non-precoded CSI-RS or SRS. In class B CSI reporting with K=1, at least different and orthogonal CSI-RS resources should be configured to multiple UEs to provide accurate channel measurement. 
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Figure 1 Beamformed CSI-RS resource configuration based on orthogonal CSI-RS resources 

The periodic CSI-RS resource configuration has been designed for non-precoded CSI-RS transmission in Rel.10~12. However, it is assumed that the periodic CSI-RS resource configurations are also used for UE-specific beamformed CSI-RS transmission. As shown in Figure 1, all Rel.13 UEs within a same serving cell are configured to orthogonal CSI-RS resources for beamformed CSI-RS. This is the simplest method to configure UE-specific CSI-RS resources for class B CSI reporting. In the figure, it is illustrated that UEs within a same cell have different “CSI-RS subframe configurations” to be orthogonal CSI-RS resources each other. Moreover, different “CSI-RS configurations” also can be applicable for orthogonal CSI-RS resource configuration. In case of orthogonal CSI-RS resource configuration, however, as the number of UEs increases, the overhead of beamformed CSI-RS resources are also linearly increased if beamformed CSI-RS periodicity is fixed and short to minimize channel mismatch between channel measurement and data transmission. To reduce the overhead of beamformed CSI-RS resources, the CSI-RS periodicity should be configured as much longer duration. On the other hand, the longer CSI-RS periodicity may also cause the larger channel mismatch between channel measurement and data transmission.
Observation-1: If we assign orthogonal CSI-RS resources to all UEs in a cell for supporting beamformed CSI-RS transmission, it causes some trade-off between CSI-RS resource overhead and channel mismatch.
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Figure 2 Beamformed CSI-RS resource configuration utilizing shared CSI-RS candidate pool 

To resolve the channel mismatch due to longer CSI-RS periodicity, eNB may rely on aperiodic CSI (AP-CSI) reporting. With long periodic CSI-RS transmission, it is difficult to make sure the accurate channel measurement for data transmission. So, eNB may request the aperiodic CSI reporting to update the channel status. To utilize the aperiodic CSI reporting for acquiring accurate CSI, however, additional beamformed CSI-RS resources for the designated UE should be assigned when long periodic CSI-RS transmission is applied. In this contribution, we introduce a beamformed CSI-RS transmission based on shared CSI-RS candidate pool to flexibly provide aperiodic CSI-RS resource for the designated UE.
In Figure 2, we illustrate beamformed CSI-RS resource configuration utilizing shared CSI-RS candidate pool. Multiple UEs within a cell have their own periodic CSI-RS resource configuration with long periodicity. Also, they share an additional CSI-RS resource configuration, which may have shorter CSI-RS periodicity and can be used as aperiodic CSI-RS resource for accurate CSI reporting. For example, once AP-CSI is triggered for UE #1 via DCI, UE #1 can measure relevant CSI-RS resource which is included in the shared CSI-RS candidate pool. That is, CSI-RS resources from the shared CSI-RS candidate pool can be exploited as aperiodic CSI-RS resources, which can be an alternative solution to minimize the channel mismatch due to longer CSI-RS periodicity. From the eNB perspective, the amount of periodic CSI-RS resources is manageable by configuring CSI-RS periodicity to support beamformed CSI-RS transmission for all UEs. Therefore, if eNB wants more accurate CSI reporting, aperiodic CSI-RS resources from shared CSI-RS candidate pool can be utilized, which is triggered by AP-CSI request. 
Proposal-1: To overcome channel mismatch due to long periodicity of CSI-RS subframes in case of a large number of UEs in a serving cell, we propose an additional CSI-RS resource configuration for aperiodic CSI-RS, which can be managed as a shared CSI-RS candidate pool by eNB.
For the aperiodic CSI-RS resource, UEs within shared CSI-RS candidate pool need “CSI-RS configuration” and “CSI-RS subframe configuration”. There are two alternatives to configure aperiodic CSI-RS resource.
· Alt.1: Configure both “CSI-RS configuration” and “CSI-RS subframe configuration”.
· Alt.2: Configure only “CSI-RS configuration”.
Alt.1 is common way to set a CSI-RS resource in current specification, which configures “resource elements” and “subframes” for CSI-RS transmission. In Alt.1, a CSI-RS subframe closest to AP-CSI request shall be used as aperiodic CSI-RS for CSI reporting. On the other hand, Alt.2 has only “resource elements” configuration, so all subframes can be utilized for aperiodic CSI-RS transmission. In Alt.2, a subframe in which AP-CSI request is triggered is used for CSI reporting.
Proposal-2: For the aperiodic CSI-RS resource, UEs within shared CSI-RS candidate pool need “CSI-RS configuration” and “CSI-RS subframe configuration”. There are two alternatives to configure aperiodic CSI-RS resource.
· Alt.1: Configure both “CSI-RS configuration” and “CSI-RS subframe configuration”.

· Alt.2: Configure only “CSI-RS configuration”.
To configure shared CSI-RS candidate pool, NZP CSI-RS resource configuration including above alternatives is required for higher layer signaling.
Since aperiodic CSI-RS subframes from shared CSI-RS candidate pool are dynamically allocated by eNB, dynamic ZP CSI-RS is also required for them. eNB can indicate specific ZP CSI-RS resource among pre-configured ZP CSI-RS resources using PQI signaling in DCI Format 2D, so different ZP CSI-RS resources can be allocated in different subframes.
Observation-2: For dynamic ZP CSI-RS allocation corresponding to aperiodic CSI-RS subframes, eNB can exploit PQI signaling in DCI Format 2D.
3. Discussion and Conclusion

In this contribution, we propose an aperiodic CSI-RS resource configuration for class B CSI reporting with K=1.
Observation-1: If we assign orthogonal CSI-RS resources to all UEs in a cell for supporting beamformed CSI-RS transmission, it causes some trade-off between CSI-RS resource overhead and channel mismatch.
Proposal-1: To overcome channel mismatch due to long periodicity of CSI-RS subframes in case of a large number of UEs in a serving cell, we propose an additional CSI-RS resource configuration for aperiodic CSI-RS, which can be managed as a shared CSI-RS candidate pool by eNB.
Proposal-2: For the aperiodic CSI-RS resource, UEs within shared CSI-RS candidate pool need “CSI-RS configuration” and “CSI-RS subframe configuration”. There are two alternatives to configure aperiodic CSI-RS resource.
· Alt.1: Configure both “CSI-RS configuration” and “CSI-RS subframe configuration”.

· Alt.2: Configure only “CSI-RS configuration”.

Observation-2: For dynamic ZP CSI-RS allocation corresponding to aperiodic CSI-RS subframes, eNB can exploit PQI signaling in DCI Format 2D.
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