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1 Introduction

In RAN1 84bis meeting, the following agreement was achieved to specify enhancements on reference signal in RAN1.
· Until RAN1#85, down-selection/merge the following alternatives for reducing the overhead for beamformed CSI-RS, considering overhead reduction, performance, backward compatibility, UE implementation complexity:
· Alt.1: Aperiodic CSI-RS

· E.g., One-shot CSI-RS transmission with transmission on the same subframe as triggering subframe 

· Alt.2: Dynamic CSI-RS activation and/or deactivation

· E.g., One-shot or multi-shot CSI-RS transmission after the triggering subframe 

· Alt.3: Reduced frequency density via decimation over part or all of the bandwidth 
· Alt.4: MR with dynamic sharing of the beams on CSI-RS resources among the UEs 

· Alt.5: Triggered measurement of one of multiple CSI-RS configurations
· Alt.6: Spatially multiplexed beamformed CSI-RS

· Other approaches are not precluded

In this contribution, the above six alternatives to improve utilization efficiency of beamformed CSI-RS are analyzed and discussed.  Our proposals for BF CSI-RS enhancement are provided. 
2 Discussion on beamformed CSI-RS
In order to reduce the overhead of beamformed CSI-RS, six alternatives were given and discussed at last meeting. These alternatives can be categorized into three types. 

· Type 1: Dynamic resource trigger (Alt.1, Alt.2, Alt.4, Alt.5)

Alt.1:  As discussed in [1], aperiodic CSI-RS (A-CSI-RS) has more flexibility and can be generated only when needed, thereby the utilization efficiency of UE specific beamformed CSI-RS can be significantly improved. 
Proposal 1: Alt.1 (i.e. A-CSI-RS scheme) should be supported to improve the utilization efficiency of UE specific Beamformed CSI-RS in Rel-14. 

In order to support aperiodic CSI-RS in Rel-14, the following specification enhancements need to be considered. 
· Resource configuration for A-CSI-RS
Before Rel-14, NZP/ZP CSI-RS configuration for periodic CSI-RS includes the following RRC signalling parameters: 
AntennaPortsCount，ResourceConfig，SubframeConfig，ScramblingIdentity，QCL-CRS-Info and  e-MIMO-info
The transmission subframe of A-CSI-RS is not regular and is dynamically indicated in DCI information. Therefore, SubframeConfig parameter is not needed for A-CSI-RS configuration. In addition, A-CSI-RS include NZP A-CSI-RS and ZP-A-CSI-RS. The remaining configuration parameters can be applied for those two types of A-CSI-RS. 

Proposal 2: RRC signalling for P-CSI-RS configuration except for SubframeConfig can be reused for A-CSI-RS. 
· Trigger for A-CSI-RS transmission

When aperiodic CSI report is triggered, the corresponding beamformed CSI-RS resource for this CSI report need to be ready. Hence the trigger of aperiodic CSI-RS can be linked to the trigger of aperiodic CSI report. When aperiodic CSI request of a CSI process is triggered in an uplink DCI, the transmission of corresponding CSI-RS resources for this 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. Thereby, the CQI calculation with aperiodic CSI report can be derived by this ready CSI-RS. This method doesn’t need to introduce any new DCI signalling and thus saves DCI overhead. DCI triggering signal may indicate one-shot or multi-shot CSI-RS transmission after the triggering subframe. And the transmission subframe of A-CSI-RS can be the first M (M>=1) available RRC configured subframe. 
Proposal 3: DL subframe containing the UL grant with CSI request also carries A-CSI-RS request.
· Additional DCI signalling for PDSCH rate matching 

With the introduction of A-CSI-RS, dynamic configuration/reconfiguration of CSI-RS is supported. While fast change of time frequency resources for CSI-RS will affect user’s PDSCH rate matching. Thereby, an additional DCI signalling for PDSCH rate matching is needed in A-CSI-RS scheme.  
Relevant configuration parameters for PDSCH rate matching include AntennaPortsCount and ResourceConfig. If these parameters are all informed in PDCCH, the DCI overhead will be insufferable. A trade-off between flexibility and DCI overhead needs to be considered in DCI signalling design. 
In order to save overhead, a two-level CSI-RS configuration method can be considered for A-CSI-RS. In this method, 1st level CSI-RS configuration is semi-static configured to UE by RRC signalling. This 1st level CSI-RS configuration as a default configuration further includes T (T>=1) predefined 2nd level CSI-RS resources. For configuration of 2nd level CSI-RS, signalling of parameters AntennaPortsCount and ResourceConfig is substituted by a configuration index. Thereby, the required DCI bits are significantly reduced. 
An example of two level CSI-RS configuration/reconfiguration can be found in figure 1. Wherein, the first level CSI-RS {CSI-RS#0 with port 15-22}, is constructed by 4 predefined 2 ports’ CSI-RS resources, {CSI-RS#1 with port 15, 16}, {CSI-RS#2 with port 17, 18}, {CSI-RS#3 with port 19, 20}, {CSI-RS#4 with port 21, 22}. The first level CSI-RS as a default resource is configured with 5ms periodicity. Based on this first level CSI-RS, a subsequent DCI signalling to indicate the configuration index of 2nd level CSI-RS is informed to UE at each CSI-RS transmission time. 
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Figure 1 An illustration of two level CSI-RS configuration
Proposal 4: A two level CSI-RS configuration/reconfiguration method is suggested for PDSCH rate matching of A-CSI-RS scheme.
· CSI feedback based on A-CSI-RS 
Following the discussion on A-CSI-RS triggering, aperiodic CSI report is natural and reasonable for A-CSI-RS.
Motivation and requirement for periodic CSI report based on A-CSI-RS are not strong in Rel-14.  Thereby, for A-CSI-RS, PUSCH based aperiodic CSI report can be regarded as default CSI feedback mode. 

Proposal 5: For A-CSI-RS, PUSCH based aperiodic CSI report can be regarded as default CSI feedback mode.

Alt.2:  In order to more efficiently utilize beamformed CSI-RS resources between different UEs, a shared resource pool can be semi-statically configured to UEs. When some CSI-RS resources of UE-1 are free at transmission time n, those unoccupied CSI-RS resources can be shared by 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 signalling. 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.  
From each UE’s viewpoint, the transmission of CSI-RS is not regular. Therefore, for Alt.2, activation/deactivation of CSI-RS can be regarded as a special case of aperiodic CSI-RS transmission based on periodic CSI-RS configurations. 
Observation 1: Alt.2 can be regarded as special case of Alt.1. 
Alt.4: CSI MR enhancement
In Rel. 13 FD-MIMO, UE configuration on MR is informed by RRC signaling. It enables MR on/off in a semi-static manner. If MR is enabled, UE derives CSI without any averaging between subframes. By CSI MR, TDM based CSI-RS resource reuse can be semi-statically conducted. In Rel-14, in order to improve the utilization efficiency of beamformed CSI-RS, dynamic CSI MR was discussed in last meeting.  

As discussed in Alt.1, dynamic A-CSI-RS trigger can also be used for CSI measurement indication. If aperiodic CSI-RS trigger for CSI measurement is supported in Rel-14, dynamic MR for CSI measurement can be indirectly realized. 
Observation 2: Alt.4 can be integrated into Alt.1. 

Alt.5:  Triggered measurement of one of multiple CSI-RS configurations
For beamformed CSI-RS in Alt.1 and Alt.2, the default class B type is the type of CSI process with K =1. 

In Alt.5, eNB configures K (K>1) CSI-RS resources to UE. One of these K CSI-RS resources is triggered for CSI measurement.  If aperiodic CSI-RS scheme can be extended to class B type with K >1, then Alt.5 can be adopted. The indication of AntennaPortsCount and ResourceConfig is replaced by the indication of selected resource among K CSI-RS resources. Thereby, Alt.5 can be regarded as an extension of Alt.1 and Alt.2.
Observation 3:  Alt.5 can be regarded as an extension of Alt.1 and Alt.2.
· Type 2: FDM based reusing or Reducing density(Alt.3) 

Frequency selectivity of channel corresponding to Class B FD-MIMO depends on beamforming weight applied to CSI-RS. Thereby CSI-RS pattern density with x-PRB may be UE specific and it will increase the complexity of CSI-RS design and channel estimation in frequency domain. 

In addition, CSI information will be used for scheduling and link adaptation in subsequent subframes. The information for whole bandwidth will be needed. While for Alt.3, the performance loss brought by inaccuracy or partial CSI in frequency domain will be inevitable.     
Observation 4: Reduced frequency density via decimation over part or all of the bandwidth need to be further investigated. 
· Type 3: Spatial reusing(Alt.6)   
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. 

However, spatial multiplexing of CSI-RS can be accomplished by BS in implementation. 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 5: Spatial multiplexing of CSI-RS is an implementation method to improve the utilization efficiency of UE specific beamformed CSI-RS.  
3 Conclusions
In this contribution, the potential enhancements to improve utilization efficiency of beamformed CSI-RS are discussed and analyzed. Six alternatives are categorized into three types. Based on the discussions, we have the following observations and proposals: 
· Type 1: Dynamic resource trigger (Alt.1, Alt.2, Alt.4, Alt.5)
Proposal 1:  Alt.1 (i.e. A-CSI-RS scheme) should be supported to improve the utilization efficiency of UE specific Beamformed CSI-RS in Rel-14. 
Proposal 2: RRC signalling for P-CSI-RS configuration except for SubframeConfig can be reused for A-CSI-RS. 

Proposal 3: DL subframe containing the UL grant with CSI request also carries A-CSI-RS request.
Proposal 4: A two level CSI-RS configuration/reconfiguration method is suggested for PDSCH rate matching of A-CSI-RS scheme.
Proposal 5: For A-CSI-RS, PUSCH based aperiodic CSI report can be regarded as default CSI feedback mode.

Observation 1:  Alt.2 can be regarded as special case of Alt.1. 
Observation 2:  Alt.4 can be integrated into Alt.1. 
Observation 3:  Alt.5 can be regarded as an extension of Alt.1 and Alt.2.
· Type 2: FDM based reusing or Reducing density (Alt.3)
Observation 4:   Reduced frequency density via decimation over part or all of the bandwidth need to be further investigated. 
· Type 3: Spatial reusing (Alt.6)  
Observation 5: Spatial multiplexing of CSI-RS is an implementation method to improve the utilization efficiency of UE specific beamformed CSI-RS.  
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