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1 Introduction

In RAN plenary #71 meeting, the following agreement was achieved to specify enhancements on reference signal in RAN1.

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for
UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 
In this contribution, the efficiency issue of UE specific beamformed CSI-RS and potential enhancement are discussed.
2 Discussion on beamformed CSI-RS
2.1 Efficiency issue of UE specific beamformed CSI-RS
In Rel-13 FD-MIMO WI, beamformed CSI-RS based scheme was introduced. In a CSI process, there are K (K>=1) CSI-RS resources with different precoding matrixes. 
UE specific CSI-RS configuration signaling has been supported in Rel-10, while the CSI-RS resource is usually considered to be cell specific and semi-static. For UE specific beamformed CSI-RS, if the CSI-RS resource for UE-1 can’t be shared by other UEs, then the required CSI-RS time/frequency REs in a cell will be large especially for the case of many active UEs in one cell. 
In addition, if UE specific beamformed CSI-RS resources for all beams are still semi-statically configured and periodically transmitted in Rel-14, it may cause resource waste. For example, before selecting the CSI-RS resource with optimal beamforming weight, eNB configure K (K>=1) CSI-RS candidate resources with 5 ms periodicity to UE. If UE wants to measure the CSI from the selected CSI-RS resource immediately, the K beamformed CSI-RS resources with configured periodicity need to be already configured by RRC signaling, which means the CSI-RS resource will be long term occupied for each UE. With the limitation of CSI-RS resource, the utilization efficiency is needed to be enhanced for the UE-specific beamformed CSI-RS.
2.2 Potential enhancements 
· Sharing and dynamic indication of CSI-RS resources

In order to more efficiently utilize the beamformed CSI-RS resources between different UEs, a sharing resource pool can be semi-statically configured to UE. When some CSI-RS resources of UE-1 are free at transmission time n, these unoccupied CSI-RS resources can be shared to other UEs. An ON/OFF indication of the CSI-RS resources in the CSI-RS resource pool can be sent to UE by dynamic physical layer signaling. For example, a bitmap of ON/OFF state for all the CSI-RS resources in CSI-RS resource pool can be indicated to UE by DCI signaling. Furthermore the unoccupied REs of CSI-RS with OFF state can be used for PDSCH transmission.  
A semi static configuration of ZP CSI-RS is used for the indication of other UEs’ NZP CSI-RS in serving cell and the indication of NZP CSI-RS in other cells. While in the above method, actual used NZP CSI-RS resources in one cell are dynamically varying. Thereby, the semi static indication of ZP CSI-RS resources is not enough. In this method, PDSCH’s rate matching should be simultaneously based on ZP CSI-RS configuration and DCI signaling.  From the above discussion, we have the following observation for the efficient utilization of UE-specific beamformed CSI-RS.  
Observation 1: 
· Sharing with CSI-RS resource pool and dynamic indication of CSI-RS resources can be considered to improve the CSI-RS utilization efficiency for UE specific beamformed CSI-RS. And the following aspect need to be further studied in specification for this method:
· DCI signaling to indicate ON/OFF of beamformed CSI-RS resources 

· Spatial multiplexing of CSI-RS 

For beamformed CSI-RS based scheme, each CSI-RS resource is precoded in one spatial direction. It is possible that eNB can configure the same time/frequency resources to two CSI-RS with orthogonal spatial directions (i.e., spatial multiplexing of CSI-RS). Assuming that one CSI-RS resource corresponds to a set of time/frequency resources, the required number of time/frequency resource set is less than the number of configured CSI-RS resources in this method. Thereby, the utilization efficiency of UE specific beamformed CSI-RS can be improved. 

Spatial multiplexing of CSI-RS can be accomplished by BS in an implementation way. E.g., BS can schedule the same CSI-RS time/frequency resources to two different UEs, wherein, CSI-RS(s) of the two UEs correspond to two orthogonal spatial directions.   

Observation 2: 
· Spatial multiplexing of CSI-RS is an implementation method to improve the utilization efficiency of UE specific beamformed CSI-RS.  
· Aperiodic CSI-RS 
In order to solve the efficiency problem of UE specific beamformed CSI-RS, aperiodic CSI-RS with more flexibility can be considered. Aperiodic CSI-RS is generated only when needed, thereby the utilization efficiency of UE specific beamformed CSI-RS can be improved. BS can configure CSI-RS to UE according to its requirement as shown in following Figure 1. Three triangles with white, blue and pink represent beamformed CSI-RS resource 1, 2 and 3.  For periodic transmission, K=3 resources are transmitted with 5 ms periodicity.  In this transmission scheme, three resources are always transmitted with 5ms periodicity before reconfiguration. But for aperiodic CSI-RS transmission, only required CSI-RS resource for each UE is triggered during the same time interval.  From Figure 1 REF _Ref447289012 \h 
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, it can be found that CSI-RS efficiency for each beamformed CSI-RS resource is maximized.  






                                                   Figure 1 Illustration of aperiodic CSI-RS transmission
In order to support aperiodic CSI-RS in above discussion, a trigger signaling of aperiodic CSI-RS should be specified firstly. For example, it can be a DCI indication in UL grant.   
In addition, when aperiodic CSI report is triggered, the corresponding beamformed CSI-RS resource for this CSI report need to be ready. Thereby, the trigger of aperiodic CSI-RS can be linked to trigger of aperiodic CSI report. When aperiodic CSI request of a CSI process is triggered in an uplink DCI format, the transmission of corresponding CSI-RS resources in the CSI process is simultaneously triggered. This scheme can make sure the triggered CSI-RS is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format. Thereby, the CQI calculation with aperiodic CSI report can be derived by this ready CSI-RS. Compared to introduce a new DCI signaling for aperiodic CSI-RS, this method can save DCI overhead. 
In aperiodic CSI-RS, random trigger of CSI-RS is supported. For rate matching, the dynamic ZP CSI-RS needs to be configured for other UEs. Thus, the overhead of DCI signaling will be very large.  In order to solve the problem, an option is to restrict the dynamic indicated CSI-RS resources into a semi static configured resource pool.    
Proposal 1: 
· In order to specify the support of aperiodic CSI-RS, the following aspects need to be investigated and studied:  
· DCI signaling for trigger of aperiodic CSI-RS 

· Linkage between aperiodic CSI-RS and aperiodic CSI report
3 Conclusions
In this contribution, the efficiency issue of beamformed CSI-RS scheme and potential enhancements are discussed. Based on the discussions, we have the following observations and proposal: 
Observation 1: 
· Sharing with CSI-RS resource pool and dynamic indication of CSI-RS resources can be considered to improve the CSI-RS utilization efficiency for UE specific beamformed CSI-RS. And the following aspect need to be further studied in specification for this method:
· DCI signaling to indicate ON/OFF of beamformed CSI-RS resources 

Observation 2: 
· Spatial multiplexing of CSI-RS is an implementation method to improve the utilization efficiency of UE specific beamformed CSI-RS.  
Proposal 1: 
· In order to specify the support of aperiodic CSI-RS, the following aspects need to be investigated and studied:  
· DCI signaling for trigger of aperiodic CSI-RS 
· Linkage between aperiodic CSI-RS and aperiodic CSI report
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